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PREFACE 


Within  the  past  few  years  many  fuels  which  had  been  generally  regarded  as 
worthless,  unsatisfactory  or  unsaleable,  either  because  of  their  low  calorific  value, 
high  ash  or  moisture  content,  size,  or  for  other  reasons,  are  now  being  efficiently 
utilised  in  increasing  quantities.  For  instance,  only  a  few  years  since  coke  breeze 
was  to  a  large  extent  unsaleable — it  may,  in  fact,  be  said  that  its  value  for 
steam  generation  received  but  tardy  recognition,  and  it  has  only  been  removed 
from  the  category  of  waste  fuels  as  the  result  of  stringent  fuel  conditions  and 
high  prices. 

During  the  period  of  Coal  Control,  and  particularly  at  the  time  when  an 
increasing  demand  for  fuel  synchronised  with  a  decreasing  output  of  coal,  it  was 
conclusively  demonstrated  that  many  low  grade  and  waste  fuels  could  be  efficiently 
utilised  for  steam  generation  and  for  other  purposes. 

The  striking  increase  in  the  utilisation  of  low  grade  and  waste  fuels  within 
recent  years  may  be  attributed  to  various  reasons,  not  the  least  important  of  which 
are  economic.  High  coal  prices,  heavy  freight  charges,  reduced  output,  and  con¬ 
sequent  shortage  have  been  responsible  for  a  marked  increase  in  the  consumption 
of  low  grade  and  waste  fuels  in  Great  Britain,  and  in  other  countries. 

In  some  European  countries  and  also  in  Australia,  for  the  same  or  similar 
reasons,  a  great  impetus  has  been  given  to  the  development  of  available  low 
grade  high  moisture  fuels,  such  as  peat,  lignite,  and  brown  coal. 

There  are  distinct  signs  that  this  development  is  not  merely  spasmodic  or 
transient,  but  that  it  will  steadily  continue.  In  Denmark  and  Italy  the  output 
and  use  of  peat  has  increased  considerably,  as  has  also  the  production  and  use  of 
lignite  and  brown  coal  in  Germany,  Italy,  and  Czecho  Slovakia.  So  rapidly  is 
the  output  of  lignite  increasing  in  Germany-  that  within  the  next  few  years  it  is 
certain  to  considerably  exceed  the  production  of  coal. 

The  very  important  brown  coal  developments  at  Morwell  (Victoria),  Australia, 
may  be  said  to  be  directly  due  to  two  reasons  : — (1)  The  frequent  shortage  of 
imported  coal  supplies  and  their  high  cost,  and  (2)  the  determination  to  foster 
industrial  expansion  by  providing  an  ample  and  cheap  supply  of  electric  energy 
for  power  purposes,  utilising  on  the  coal  field  a  very  cheaply  mined  fuel,  which 
in  its  raw  state  must,  by  reason  of  its  high  moisture  content,  be  regarded  as  a  low 
grade  fuel.  One  very  important  factor'  in  the  utilisation  of  the  lower  grade  and 
waste  fuels  has  been  the  marked  improvement  in  furnace  design  and  the  close 
attention  which  has  been  devoted  to  the  design  of  machine-fired  furnaces,  with  the 
practical  elimination  of  manual  labour  both  in  the  handling  of  fuel  and  ash. 
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vi  UTILISATION  OF  LOW  GRADE  AND  WASTE  FUELS 

Ill  Canada  for  several  years  past  exhaustive  and  valuable  research  and 
experimental  work  .-with  lignite  has  been  proceeding.  The  development  of  the 
immense  Uigurcfe  de’posits  of  Western  Canada  is  essential  if  a  large  section  of  the 
Dominion  is  to  become  independent  of  expensive  imported  coal. 

An  American  writer  has  termed  lignite  “  the  fuel  of  the  future.”  Taking 
a  long  view  there  is  much  truth  in  this  observation,  bearing  in  mind  that  about 
one-third  of  the  coal  reserves  of  the  United  States  are  lignite. 

^Miile  this  is  true  of  the  United  States,  it  is  equally  true  in  so  far  as  the  coal 
reserves  of  many  other  countries  are  concerned. 

Although  the  use  of  fuel  in  pulverised  form  does  not  come  within  the  scope 
of  this  work,  there  can  be  no  doubt  that  with  the  successful  development  of  this 
system  of  firing  it  will  be  possible  to  utihse  a  considerable  range  of  fuels  which 
are  now  to  a  large  extent  regarded  as  useless. 

Coal  dust,  sweepings,  smudge  and  washery  settlings,  if  air  dried  and  the 
moisture  reduced  to  from  5  to  8  per  cent.,  may  thus  be  utilised  for  steam  generation 
with  an  evaporative  output  and  a  thermal  efficiency  which  is  impossible  with  any 
other  system  of  firing. 

The  possibilities  of  pulverised  fuel  firing  are  such  that  the  future  accumulations 
at  collieries  should  be  confined  entirely  to  bats  and  pickings,  which  by  reason  of 
the  embedded  condition  of  the  combustible,  and  the  high  percentage  of  incom¬ 
bustible,  are  to  a  large  extent  commercially  unuseable. 

To  many  friends  at  home  and  abroad  who  have  kindly  furnished  much  useful 
data  and  information,  and  to  others  in  British  dominions  and  elsewhere  overseas 
who  so  willingly  granted  facilities  for  inspection  and  investigation,  the  Author 
desires  to  tender  his  sincere  thanks. 


London,  W.C.2 

November  1923 


W.  F.  G. 
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CHAPTER  I 

THE  UTILISATION  OF  WASTE  FUELS  AND  COAL 

CONSERVATION 

“  Every  basket  is  power  and  civilisation^  For  coal  is  a  portable  climate.  It 
carries  the  heat  of  the  tropics  to  Labrador  and  the  Polar  circle,  and  it  is  the  means 
of.  transporting  itself  whithersoever  it  is  wanted.  Watt  and  Stephenson  whispered 
in  the  ear  of  mankind  their  secret,  that  half  an  ounce  of  coal  will  draw  two  tons  a 
mile,  and  coal  carries  coal  by  rail  and  boat,  to  make  Canada  as  warm  as  Calcutta, 
and  with  its  comfort  brings  its  industrial  power.” 

The  efficient  utilisation  of  waste  and  low  grade  fuels,  and  the  elimination  of 
all  avoidable  loss  by  making  the  fullest  possible  use  of  all  combustible,  so  far  as 
may  be  commercially  practicable,  have  a  direct  and  important  bearing  upon 
conservation,  the  necessity  of  which  has  not  yet  been  fully  realised. 

The  conservation  of  coal  is  a  many-sided  and  complex  problem,  the  solution 
of  which  will  not  be  found  in  the  generally  efficient  use  of  the  higher  grade  fuels 
alone,  vitally  important  as  this  is. 

In  Technical  Paper  No.  123,^  entitled  “  Notes  on  the  Use  of  Low  Grade  Fuel 
in  Europe,”  by  R.  H.  Fernald,  issued  by  the  United  States  Bureau  of  Mines,  the 
author  thus  refers  to  the  conditions  in  the  United  States : — ■ 

“  A  careless  indifference  to  efficient  utilisation,  due  in  great  measure  to  the 
abundance  of  our  resources,  have  led  us  to  neglect  far  too  long  the  serious  con¬ 
sideration  of  problems  upon  which  hinge  many  of  the  possible  activities  of  future 
generations. 

“  The  unrestricted  use  of  our  better  grade  fuels,  and  the  ruthless  waste  and 
neglect  of  fuels  that  should  be  of  real  commercial  value,  are  phases  of  our  national 
extravagance  that  are  little  short  of  appalling.” 

It  may  be  assumed  that  this  fairly  described  the  conditions  obtaining  in 
the  United  States  eight  years  since,  conditions  which  to  a  very  large  extent  remain 
unchanged.  It  may  be  further  observed  that  Mr  Fernald’s  criticism  very  accurately 
describes  the  conditions  which  obtain  in  Great  Britain  at  the  present  time. 

^  See  Emerson  on  “  The  Power  of  Coal.” 

^  “  Notes  on  the  Use  of  Low  Grade  Fuel  in  Europe,”  by  R.  H.  Fernald.  Technical  Paper 
No.  123,  Department  of  the  Interior,  Bureau  of  Mines,  1915. 
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Coal  has  been  termed  “  the  basic  foundation  of  our  civilisation,”  the  material 
foundation  of  all  industry,  and  our  most  valuable  natural  asset.  In  any  con¬ 
sideration  of  the  utilisation  of  low  grade  and  waste  fuels  it  is  desirable  to  review 
our  present  position  as  a  coal- producing  country,  in  comparison  with  that  of  other 
coal-producing  countries,  particularly  from  the  point  of  view  of  our  reserves,  our 
juesent  inefficient  methods  of  use,  and  our  failure  generally  to  apply  the  elementary 
23rinciples  of  conservation. 

To  a  very  large  extent  coal  is  still  used  as  though  the  supplies  were  inex¬ 
haustible,  and  the  cost  immaterial.  It  must  at  the  same  time  be  frankly  conceded 
that  owing  to  conditions  brought  about  as  the  result  of  the  war,  much  more 
interest  than  hitherto  has  been  evinced  in  questions  of  fuel  economy,  but  to  a 
serious  degree  this  interest  has  been  merely  transient,  and  it  would  be  idle  to 
state  that  the  jrosition  generally  at  this  time  shows  any  very  marked  advance  or 
improvement  upon  the  conditions  which  obtained  ten  years  since. 

The  present  position  is  that  from  the  point  of  production — the  colliery — 
throughout  our  industries,  with  the  solitary  exception  of  the  carbonisation  in¬ 
dustries  only,  and  also  in  our  homes,  the  waste  of  fuel  from  the  best  grades  to 
the  most  inferior  grades  is  widespread  and  enormous.  Professor  Vivian  B.  Lewes, 
F.I.C.,  F.C.S.,^  thus  referred  to  the  waste  of  fuel  in  this  country  only  a  few  years 
since  ; — Our  waste  of  solid  fuel  has  been  a  disgrace  to  us  as  a  civilised  nation,  but 
it  is  a  waste  in  consumption  brought  about  by  improper  methods  of  use,  and  selfish 
disregard  of  what  the  future  might  bring  forth  for  others.” 

It  is  scarcely  necessary  to  observe  that  during  the  few  years  which  have  passed 
since  the  above  opinion  was  expressed,  the  cost  of  coal  has  increased  very  con¬ 
siderably,  nevertheless  it  must  be  admitted  that  our  waste  of  solid  fuel  is  still  a 
disgrace  to  us  as  a  civilised  nation,  that  improper  methods  of  use  to  a  very  large 
extent  still  obtain,  and  that,  generally  speaking,  we  are  no  more  concerned  with 
the  fuel  problems  of  posterity  than  with  the  jrresent  insistent  need  for  efficiency. 

In  his  evidence  before  the  Coal  Industry  Commission  in  1919, ^  Sir  Richard 
A.  S.  Redmayne,  K.C.B.,  made  the  following  observations  : — 

“  .  .  .  Science  is  not  brought  to  bear  upon  the  consumption  of  fuel  to  any¬ 
thing  like  the  extent  it  should  be,  and  we  are  extraordinarily  ignorant  as  a  nation 
as  to  the  quality  of  coal  that  exists  in  the  country.  We  have  actually  to  go  to 
Sweden  to  find  the  best  work  on  the  quality  of  British  coal. 

“  I  have  found  during  the  time  I  have  been  on  the  Coal  Exports  Committee  that 
the  foreigner  has  a  better  knowledge  of  the  qualities  of  British  coal  than  the  ordinary 
British  consumer.” 

Questioned  thus  by  Sir  Adam  Nimmo  : — “  Does  it  not  amount  to  this,  that 
it  is  the  consumer  in  this  country  who  requires  to  be  stirred  up,  more  than 
the  coal  owner  ?  ”  Sir  Richard  Redmayne  replied  : — “  I  think  they  both  want 
stirring  up.” 

Those  who  have  been  concerned  with  steam  generation  and  fuel  problems  in 

^  “  Oil  Fuel,”  by  Professor  Vivian  B.  Lewes,  F.I.C.,  F.C.S.  (page  227). 

^  Report  of  the  Coal  Industry  Commission,  vol.  xi.,  1919. 
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this  country  will  emphatically  endorse  Sir  Richard  Redmayne’s  opinion,  that  both 
those  who  own  and  produce  coal  and  those  who  use  it  want  stirring  up. 

Mr  H.  C.  Hoover  referring  to  the  bituminous  coal  industry  in  the  United  States 
is  reported  to  have  said  that  “  the  industry  was  the  worst  functioning  of  all 
industries.” 

While  not  desiring  to  go  so  far  as  to  suggest  that  this  observation  may  be  fairly 
applied  to  the  coal  industry  in  Great  Britain,  it  may  nevertheless  be  stated  that 
the  scope  for  economy  at  colheries  is  enormous,  and  the  extent  of  the  preventible 
waste  is  both  very  serious  and  widespread. 

If  the  colliery  industry  generally  were  conducted  with  a  view  to  the  con¬ 
servation  of  coal  it  would  be  the  general  rule  to  utilise  at  the  point  of  production 
the  lower  grades  of  unsaleable  fuel,  thus  releasing  for  the  market  the  maximum 
percentage  of  the  total  saleable  output. 

There  are  collieries  operated  upon  such  lines,  but  there  are  others — and  they 
are  not  a  few — where  these  conditions  do  not  obtain.  Not  only  are  grades  of 
fuel  burned  which  should  be  available  for  revenue  production,  but  consequent 
upon  the  use  of  antiquated  and  uneconomical  steam  plant  the  consumption  is 
excessive. 

The  waste  at  collieries  is  by  no  means  confined  to  the  inefficient  use  of  coal 
and  steam,  the  various  reports  of  the  Royal  Commissions  have  all  directed  attention 
to  the  serious  waste  in  its  several  phases. 

In  a  paper  read  before  the  South  Wales  Institute  of  Engineers  in  1918  by 
Mr  W.  T.  Lane,^  the  waste  and  loss  at  collieries  were  thus  referred  to  : — 

“  During  the  past  some  hundreds  of  millions  of  tons  of  valuable  small  coal 
have  been  deliberately  lost.  The  immediate  prevention  of  this  suicidal  process 
of  waste  is  essential,  and  should  be  prevented  by  the  introduction  of  legislation.” 

Waste  at  collieries  has  not  escaped  the  notice  of  Mr  Frank  Hodges,  who,  in 
his  work  entitled  “  Nationalisation  of  the  Mines,”  ^  states  that  annually  “  small 
coal  to  the  extent  of  2^  million  tons  is  lost  through  the  use  of  inadequate  machinery 
for  separating  it  from  the  rubbish  and  refuse  at  the  surface,  inefficient  methods  of 
working,  and  water  logging.” 

In  the  Final  Report  of  the  Coal  Conservation  Committee,  under  the  heading 
“  Loss  through  small  coal  cast  back  underground,”  the  following  information  is 
given : — 

The  information  ®  thus  obtained  shows  that  the  only  coalfields  in  which  a 
substantial  loss  from  the  above  cause  is  at  present  taking  place  are  : — 

Nottinghamshire  and  South  Derbyshire. 

Leicestershire  and  South  Derbyshire. 

Warwickshire. 

South  Wales. 

^  “  Fuel  Economy  and  Power  Production,”  by  W.  T.  Lane.  Proceedings  of  the  South  Wales 
Institute  of  Engineers,  1918. 

^  “  Nationalisation  of  the  Mines,”  by  Frank  Hodges  (page  30). 

^  Coal  Conservation  Committee  Final  Report,  1918  (page  52). 
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Ill  the  remaining  coalfields  little  or  no  loss  appears  to  be  taking  place,  all  the 
small  coal  which  it  seems  in  any  way  practicable  to  save  being  brought  to  bank. 

Generally  it  appears  that  the  total  approximate  quantity  of  small  coal  cast 
back  in  the  coalfields  of  Great  Britain  at  the  present  time  is  2,325,000  tons  per 


annum,  as  shown  in  the  following  summary  : — 

Coalfields.  Tons. 

Nottinghamshire  and  South  Derbyshire  .  .  574,000 

Leicestershire  and  South  Derbyshire  .  .  .  184,000 

Warwickshire  .......  65,000 

South  Wales  .......  1,502,000 


2,325,000 

As  indicative  of  the  waste  in  industrial  fuel  consumption  the  following  extract 
from  the  Report  of  the  Fuel  Research  Board  for  1918-1919  will  be  of  interest ;  it  is 
quoted  because  it  so  completely  and  strikingly  confirms  the  frequently  expressed 
opinions  of  many  engineers,  who  have  been  in  close  touch  with  the  utilisation  of 
coal  for  steam  generation  and  other  industrial  purposes  : — 

.  .  .  It  follows  ^  from  these  considerations  that  in  any  practical  programme 
for  fuel  economy,  the  first  place  ought  to  be  assigned  to  the  putting  in  order  by 
the  consumers  themselves  of  a  system  of  control  which  will  ensure  that  a  stop  shall 
be  put  to  gross  waste,  and  that  the  existing  appliances  and  known  methods  are 
worked  to  the  best  advantage.  There  is  no  doubt  that  in  the  majority  of  industrial 
undertakings  a  reduction  of  from  5  per  cent,  to  20  per  cent,  could  be  secured  within 
a  year  at  a  relatively  trifling  expenditure  on  wages,  and  small  alterations  of 
apparatus.  In  one  case  known  to  us  a  saving  of  30  per  cent,  on  the  fuel  con¬ 
sumption  was  effected  during  the  past  year,  merely  by  the  application  of  more 
perfect  control.” 

It  cannot  be  too  strongly  or  too  frequently  emphasised  that  preventible  fuel 
waste  represents  a  collossal  direct  tax  upon  industry,  a  tax  which,  unlike  other 
taxes  under  which  industry  groans,  is  self-imposed,  and  which  may  be  and  should 
be  removed,  not  only  in  the  interests  of  the  individual  and  the  industry,  but  in 
the  wider  interests  of  the  nation. 

Avoidable  waste  due  to  inefficient  use  is  not  confined  to  this  country  and  the 
United  States,  it  is  forind  in  almost  every  country  without  exception.  The  steps 
which  have  been  and  are  being  taken  to  combat  waste  furnish  in  themselves  very 
conclusive  evidence  not  only  that  wasteful  conditions  are  general,  but  also  that 
the  imperative  need  for  conservation  is  now  generally  recognised  and  conceded. 

In  Canada  a  Commission  of  Conservation  has  been  actively  wmrking  for  some 
years  past.  In  France  a  company  subsidised  by  the  French  Government  (L’Office 
Central  de  Chauffe  Rationale  de  Paris)  assists  steam  users,  provides  training  for 
men,  and  conducts  research  work. 

^  Report  of  the  Fuel  Research  Board,  1918-1919  (page  5,  No.  19). 


WASTE  FUELS  AND  COAL  CONSERVATION 


o 


There  is  much  activity  in  Germany,  colliery  consumjjtion,  carbonisation  of 
coal  and  lignite,  and  the  utilisation  of  low  grade  fuels,  illustrate  the  scope  of 
operations  of  the  Fuel  Kesearch  and  Utilisation  Committee  of  the  Advisory  Council. 
Even  in  the  smaller  European  countries,  having  but  a  comparatively  insignificant 
coal  consumption,  conservation  is  receiving  very  serious  attention. 

In  Denmark,  for  instance,  the  Dansk  Braendsels-og-Kontrolforening  (Danish 
Association  for  the  Control  of  Fuel),  established  in  1918  has  done  very  useful  work 
in  the  promotion  of  fuel  economy. 

This  Association,  which  is  maintained  partially  by  subscribers  and  partially 
by  a  state  Subsidy,  carries  out  investigations,  makes  suggestions  for  economy  in 
the  use  of  fuel,  and  undertakes  staff  training. 

At  Prague,  Czecho  Slovakia,  an  “  Institute  for  the  Economic  Use  of  Fuel  ” 
has  been  established  by  a  Government  ordinance.  Its  operations  will  cover  the 
whole  of  the  Republic,  and  are  defined  as  “  the  systematic  investigation  of  fuel, 
and  the  places  of  its  deposit,  with  their  development.” 

In  Holland  there  are  three  organisations  actively  concerned  with  the  efficient 
use  of  fuel.  The  Vereeniging  tot  Bevordering  van  Rookrij  Stoken  (Association 
for  the  Improvement  of  Smokeless  Firing),  founded  in  1908  ;  The  Vereeniging  van 
Gebruikers  van  Stoomketels  en  Krachtwerktingen  (Association  of  Users  of  Steam 
Boilers  and  Power  Plant),  established  in  1915 ;  and  The  Bureau  voor  Warmte  en 
Krachteconomie  (Bureau  of  Heat  and  Power  Economy),  founded  by  Royal  Decree 
in  1921. 

These  Associations  undertake  plant  investigation,  evaporative  tests,  suggest 
improvements  in  operation  and  control,  also  in  the  methods  of  recording 
technical  data  :  the  object  being  the  maintenance  of  plant  at  a  high  standard 
of  efficiency. 

In  France  an  Inter-ministerial  Commission  has  been  instituted  by  decree, 
the  fimction  of  which  will  be  to  centralise  all  investigation  and  research  work 
relating  to  fuel  production,  and  to  increase  the  production  of  coal,  peat,  lignite, 
etc.,  in  France  and  French  possessions. 

In  the  United  States,  all  fuel  problems  are  being  investigated  by  the  Bureau 
of  Mines.  The  scope  for  conservation  was  thus  expressed  by  David  Moffat  i\Iyres, 
who  did  such  valuable  work  in  the  promotion  of  fuel  economy  during  the  war  ; — 

“  If  all  the  well-known  and  well-tried  methods  of  fuel  conservation  were  put 
into  effect  throughout  the  United  States,  the  resultant  saving  would  amount  to 
75  to  100  million  tons  of  coal  per  year,  without  reference  to  the  saving  that  could 
be  effected  in  the  use  of  other  fuels.  If  those  engineers  who  know  what  to  do  and 
how  to  do  it,  were  turned  loose  with  a  free  hand,  this  would  be  the  result.” 

In  England  H.M.  Fuel  Research  Board  is  engaged  in  investigation  and  research 
work,  the  nature  and  scope  of  which  cannot  but  be  of  immense  value  to  the 
nation. 

Despite  all  that  has  and  is  being  done  waste  and  inefficiency  are  still  general. 
In  those  countries  producing  little  or  no  coal,  and  having  to  rely  mainly  upon 
imported  coal,  there  would  appear  to  be  little  doubt  that  much  closer  attention  is 


6  UTILISATION  OF  LOW  GRADE  AND  WASTE  FUELS 


being  devoted  to  questions  of  fuel  economy  than  hitherto,  but  in  the  great  coal- 
producing  countries  the  process  of  education  is  slow,  the  “  coal  conscience  ”  has 
not  been  awakened,  and  there  would  appear  to  be  no  widespread  determination 
or  effort  to  efficiently  utilise  the  higher  grades  of  fuel,  or  to  make  an  extensive 
use  of  low  grade  fuels.  In  short,  we  have  yet  to  see  any  real  determination  to 
grapple  with  the  problems  of  conservation  upon  a  scale  at  all  commensurate  with 
their  importance  and  urgency. 

Xot  only  is  coal  our  most  valuable  natural  asset,  but  it  is  a  diminishing  or 
wasting  asset.  Even  were  all  done  which  might  be  done  along  proved  lines  of 
conservation,  we  should  still  be  face  to  face  with  the  fact  that  our  coal  resources 
are  being  steadily  depleted. 

The  Royal  Commission  of  1866  reported  that  the  available  coal  in  proved  areas 
at  less  than  4000  feet  in  depth  was  about  90,000  million  tons  ;  further,  that  in 
other  unproved  areas  56,000  million  tons  was  available. 

The  Royal  Commission  of  1901  reported  the  available  quantity  to  be 
approximately  101,000  million  tons  of  proved  coal,  and  about  39,000  million  tons 
in  improved  areas,  also  that  at  depths  in  excess  of  4000  feet  some  5200  million 
tons  was  available. 

In  1912  Dr  Straham,  the  eminent  geologist,  estimated  the  available  tonnage 
within  4000  feet  of  the  surface  as  178,727  million  tons,  while  three  years  later 
Professor  H.  S.  Jevons  estimated  the  available  tonnage  as  197,000  million 
tons. 

Interesting  as  these  figures  are  the  vital  question  is  not  how  much  coal  is 
available  at  any  depth  or  in  any  location,  but  rather  how  much  useable 
coal  is  available  which  can  be  mined  at  an  economic  cost,  such  a  cost  in  fact  as 
will  enable  us  to  successfully  compete  with  other  coal-producing  and  industrial 
countries. 

The  following  data  showing  the  output  of  coal  in  the  chief  producing  countries 
of  the  world  for  the  years  1919  and  1920  have  been  extracted  from  the  Report  of 
the  United  States  Geological  Survey,  dated  April  9th,  1921  : — 


1919. 

Tons. 

1920. 

Tons. 

Canada  .... 

9,756,019 

15,080,597 

United  States  . 

.  495,460,893 

585,732,560 

Austria  .... 

89,744 

133,173 

Belgium 

.  18,342,950 

22,413,535 

Czecho  Slovak  Republic  . 

j  10,384,800 

11,130,800  coal 

■  (17,110,500 

19,695,500  lignite 

France  .... 

.  21,546,000 

24,300,000 

Germany 

.  116,500,000 

140,757,433  coal  i 

jj  ... 

.  93,800,000 

111,634,000  lignite 

Spain  .... 

3,901,637 

5,367,625 

Spitzbergen  ^  . 

88,776 

170,000 

^  Includes  Saar  Basin,  1919=8,990,000  tons;  1920  =  9,410,433  tons.  ^  Incomplete  data. 
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United  Kingdom 
Japan 

South  Africa  . 


1919. 

Tons. 

233,467,478 

30,236,000 

9,313,232 


1920. 

Tons. 

232,975,000 
31,000,000  1 
11,181,846 


Less  than  half  a  century  ago  we  were  producing  nearly  one-half  of  the  world’s 
total  output.  Our  comparative  output  in  1875  and  in  1920, ^  as  also  the  output  in 
the  United  States  and  Germany  for  the  corresponding  periods,  are  here  given  : — 


United  Kingdom 
United  States 
Germany  . 


1875. 

Tons. 

133,300,000 

46,700,000 

47,800,000 


1920. 

Tons. 

232,975,000 

585,732,560 

252,391,433 


In  1870  the  output  of  British  collieries  was  about  110  million  tons,  forty  years 
later  the  output  had  increased  to  264*4  million  tons.  Since  1910  the  annual  output 
has  been  as  follows  : — 


1911 

1912 

1913 

1914 

1915 

1916 

1917 

1918 

1919 

1920 


271-9  million  tons. 


260-4 

287-4 

265-7 

253-2 

256-4 

248-5 

226-5 

229-2 

232-9 


)  1 


It  is  not  within  the  scope  of  this  work  to  discuss  the  reasons  why  the  output 
of  1913  has  not  been  maintained.  In  so  far  as  the  case  for  the  miners  is  concerned, 
this  has  been  very  ably  presented  by  Mr  Frank  Hodges  in  his  work  entitled, 
“  Nationalisation  of  the  Mines.”  ^  It  is  a  matter  for  regret  that  the  case  for  the 
mine  owners  has  not  been  put  with  at  least  equal  clearness. 

The  above  figures  have  been  included  only  with  a  view  to  showing  the  reduced 
and  fluctuating  output  during  a  period  when  the  output  in  the  United  States  has 
been  rapidly  increasing. 

In  order  to  clearly  appreciate  the  comparative  position  in  Great  Britain  in 
regard  to  available  coal  reserves,  it  is  desirable  to  compare  the  extent  of  our 
reserves  with  those  of  other  coal- producing  countries,  in  so  far  as  these  reserves 
have  been  determined. 

^  Incomplete  data. 

^  The  total  output  throughout  the  world  in  1875  was  277,700,000  tons. 

®  “  Nationalisation  of  the  Mines,”  by  Frank  Hodges. 
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The  actual  and 
follows  : — 


probable  coal  reserves  within  the  British  Empire  are  as 


Millions  of  Tons. 
Metric. 


Great  Britain  and  Ireland  ....  189,533 

Canada .  1,234,269 

Newformdland  ......  500 

Australia  .  .  .  .  .  .  167,572 

Xew  Zealand  ......  3,386 

British  North  Borneo  ....  75 

India  .......  79,001 

Africa .  56,579 


1,730,915 


From  the  above  figures  it  will  be  clear  that  the  available  coal  reserves  in  Great 
Britain  and  Ireland  are  rather  in  excess  of  10  per  cent,  of  the  total  available  reserves 
within  the  British  Empire. 

Taking  for  comparison  those  countries  possessing  the  greatest  reserves,  viz., 

the  United  States,  Germany  (pre-war),  and  China,  the  comparative  figures  are  : — 

Millions  of  Tons. 

Metric. 

United  States  ......  3,838,657 

Germany  ......  423,356 

China  .......  995,587 


Comparing  Great  Britain  and  Ireland  with  these  three  cormtries,  it  is  shown 
that  our  actual  and  probable  coal  reserves  are  in  the  following  percentages  : — • 

To  the  United  States  .....  4-94  per  cent. 

„  Germany  ......  44-77  ,, 

„  China  .  .  .  .  .  .  .  19  04  ,, 


As  compared  with  the  actual  and  probable  coal  reserves  in  all  producing 
countries  our  percentage  is  only  2-56  per  cent. 

It  is  interesting,  if  not  consoling,  to  compare  the  percentages  of  the  total 
reserves  of  all  the  producing  countries  of  the  world  held  by  Great  Britain,  the 
United  States,  Germany  and  China  : — 


Great  Britain 
United  States  ^ 
Germany  .' 
China 


2-56  per  cent. 


51-88 

5-72 

13-46 


3  J 


33 


The  United  States,  China,  and  also  probably  Germany  will,  it  is  evident,  be 
possessed  of  ample  coal  reserves  long  after  Great  Britain  has  ceased  to  be  a  coal- 
producing  country. 

It  is  true  that  this  period  is  probably  a  few  centuries  ahead  ;  and  while  it  may 

^  Axiproximately  one-third  is  lignite. 
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be  argued  that  we  should  not  concern  ourselves  with  the  problems  of  ])osterity,  yet 
it  may  at  least  with  equal  fairness  be  argued  that  we  in  our  time  have  no  right 
to  waste  the  basic  commodity  of  industry,  with  an  utter  disregard  for  the  claims 
of  future  generations. 

Especially  should  it  be  borne  in  mind  that  we  are  wasting  an  asset  which  we 
have  done  nothing  to  produce,  and  which  we  can  do  nothing  to  recreate. 

The  various  comparative  figures  of  coal  reserves  which  have  been  quoted  are 
total  figures,  including  in  all  countries  not  only  the  higher  grade  fuels  but  also  all 
reserves,  actual  and  probable,  of  sub-bituminous  coal,  brown  coal,  and  lignite. 

The  importance  of  developing  and  utilising  these  and  other  available  low 
grade  fuels,  which  has  been  so  frequently  emphasised  by  many  authorities,  is  at 
once  apparent  when  it  is  borne  in  mind  that  within  the  British  Empire  the 
percentage  of  sub-bituminous  coal,  brown  coal,  and  lignite  is  no  less  than  57-04  per 
cent,  of  the  total  actual  and  probable  coal  reserves,  while  in  other  countries  these 
lower  grade  fuels  represent  35-45  per  cent,  of  the  total  coal  reserves. 

The  term  sub-bituminous,  which  is  now  commonly  used,  was  adopted  by  the 
United  States  Geological  Survey  for  fuels  which  had  frequently  been  called 
“  black  lignite,”  an  incorrect  term,  inasmuch  as  the  coal  is  usually  free  from  any 
trace  of  woody  structure. 

It  is  somewhat  difficult  to  separate  this  class  from  the  bituminous  fuels  on 
the  one  hand,  and  lignites  on  the  other,  although  it  is  usually  distinguished  from 
the  latter  by  its  colour  and  freedom  from  apparent  woody  structure,  and  from 
the  former  by  its  tendency  to  disintegrate  and  slack  upon  exposure. 

The  term  lignite,  as  used  by  the  United  States  Geological  Survey,  is  restricted 
to  coals  that  are  distinctly  brown  in  colour,  and  usually  of  a  woody  texture. 

Some  analyses  of  typical  United  States  sub-bituminous  coals  are  here  given  ; — 

TABLE  No.  1 


Proximate  Analysis.  Ultimate  Analysis. 


d 

05 

3  g 

o 

rogen. 

o 

'Ofj 

p 

d 

<D 

s 

o 

•ii'S 

C« 

-O 

>> 

s 

^6 

<1 

u 

g 

o 

Simpson,  Colorado 

18-68 

34-88 

40-05 

5-99 

•55 

6-07 

57-46 

1-15 

28-78 

10,143 

Red  Lodge,  Montana 

11-05 

35-90 

42-08 

10-97 

1-73 

5-37 

59-08 

1-33 

21-52 

10, .539 

Gallup,  New  Mexico 

10-79 

33-82 

36-73 

18-66 

1-26 

5-22 

55-07 

-95 

18-84 

9,907 

Renton,  Washington 

14-30 

33-03 

41-30 

11-37 

-72 

5-73 

57-27 

1-17 

23-74 

10,208 

Coal  Creek,  "I 
Washington  j 

12-05 

36-82 

40-72 

10-41 

-34 

5-75 

58-15 

1-37 

23-98 

10,414 

Hanna,  Wyoming  . 

11-30 

40-32 

41-07 

7-31 

-28 

5-56 

61-24 

-88 

24-73 

10,755 

Monarch,  Wyoming 

22-63 

35-68 

37-19 

4-50 

-59 

6-39 

54-91 

1-02 

32-59 

9,734 
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The  following  figures  are  an  estimate  of  the  actual  and  probable  coal  reserves 
of  the  British  Empire  and  other  countries  in  millions  of  tons  (metric),  comprising 
suh-hituminous  coal,  brown  coal,  and  lignite  only. 


TABLE  No.  2 


Actual 

Reserves. 

Probable 

Reserves. 

Total. 

British  Empire — 

Great  Britain  and  Ireland  . 

.  . 

Canada  .... 

384,968 

563,482 

948,450 

Newfoundland  . 

,  , 

.  . 

Australia  .... 

219 

32,414 

32,633 

New  Zealand  . 

612 

1,863 

2,475 

British  North  Borneo 

,  , 

.  , 

India  .... 

225 

2,377 

2,602 

Africa  .... 

74 

74 

386,098 

600,136 

986,234 

Other  Countries — 

United  States  . 

.  , 

1,863,452 

1,863,452 

Germany 

9,313 

4,068 

13,381 

Austria-Hungary 

12,585 

1,913 

14,498 

France  .... 

301 

1,331 

1,632 

Belgium  .... 

Russia  .... 

12 

1,646 

1,658 

Spain  .... 

394 

373 

767 

Spitzbergen 

.  . 

-  . 

Bosnia  and  Herzegovina 

1,700 

1,976 

3,676 

Netherlands 

China  .... 

600 

600 

Japan  .... 

67 

711 

778 

Manchuria,  Siberia 

,  , 

107,844 

107,844 

Indo-China 

,  , 

,  , 

.  , 

Nertherland  India 

734 

337 

1,071 

Persia  .... 

25,106 

1,984,251 

2,009,357 

Upon  referring  to  the  foregoing  tabulated  figures  it  will  be  observed  that  there 
are  no  reserves  of  these  particular  low  grade  fuels  in  Great  Britain  and  Ireland, 
which  only  serves  to  emphasise  the  necessity  for  devoting  close  attention  to  the 
utihsation  of  the  various  lower  grade  and  waste  fuels  which  are  available,  which 
are  now  to  a  serious  extent  neglected,  and  which  will  be  discussed  in  succeeding 
chapters. 
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In  an  article  in  The  Edinburgh  Review,  Professor  John  IV.  Cobh,  ('. B.lv,  B.Sc.. 
Livesey  Professor  of  Coal  Gas  and  Fuel  Industries  at  Leeds  University,  referred  thus 
to  the  question  of  coal  and  its  cost : — 

“  The  position,^  apparently,  is  that  we  may  count  with  some  certainty  upon  a 
steady  and  perhaps  increasing  supply  of  dear  coal,  but  that  the  cheap  coal,  upon 
which  the  manufacturing  methods  and  complicated  organisation  of  many  of  our 
industries  has  been  based,  is  to  be  counted  as  a  thing  of  the  past.” 

This  may  be  said  to  accurately  represent  the  present  position.  There  is  no 
indication  of  any  relief  in  the  form  of  cheap  coal  for  indirstrial  purposes.  From 
the  point  of  view  of  conservation  this  is  scarcely  a  matter  for  regret,  having  in 
mind  that  the  high  cost  of  coal,  far  more  than  any  other  factor,  has  to  a  certain 
extent  enforced  increasing  economy  in  its  use,  whereas  when  coal  was  cheap  it  was 
wasted  to  a  greater  extent  than  at  present. 

Even  if  it  were  possible  to  at  once  reduce  the  average  price  of  various  grades 
of  industrial  coal  to  the  extent  of  25  per  cent.,  this  would  in  no  way  beneficially 
affect  questions  of  inefficiency  and  waste.  On  the  contrary,  cheap  coal  would  tend 
to  promote  and  encourage  waste  and  inefficiency,  as  it  invariably  has  done  in 
the  past. 

It  is  not  anticipated  that  there  can  be  or  will  be  any  substantial  decrease  in 
the  cost  of  coal.  The  existing  condition  of  the  coal  industry  is  such  as  not  to 
encourage  hope  in  this  direction.  The  present  problem  is  to  eliminate  all  avoidable 
waste  under  such  conditions  as  obtain.  To  this  end  it  is  imperative  that  low  grade 
and  waste  fuels  should  be  utilised  so  far  as  may  be  practicable  at  or  adjacent  to 
the  point  of  production. 

1  “Coal  and  Smoke,”  by  Professor  John  W.  Cobb,  C.B.E.,  B.Sc.,  F.J.C.  The  Edinburgh  Review, 
October  1921. 


CHAPTEK  II 


THE  UTILISATION  OF  COLLIERY  WASTE  FOR 
STEAM  GENERATION 

Under  the  category  of  waste  fuels  at  collieries  may  be  placed  a  considerable  range 
of  fuels  comprising  what  are  knoum  in  the  various  coal-fields  as  Duff,  Gum,  Smudge, 
Slurry  Culm,  Dant,  Pond  Tank  or  Washery  Setthngs,  Fines,  Breeze,  Ballast,  Bats, 
Pickings,  etc. 

These  fuels  vary  considerably  in  calorific  value,  and  ash  and  moisture  content. 
Some  are  partially  or  entirely  utilised  at  colheries  or  sold,  others  are  banked  or 
heaped,  and  are  regarded  more  or  less  as  unsaleable  waste. 

While  there  has  been  and  still  is  an  increasing  tendency  to  utihse  at  collieries 
fuels  for  which  there  is  but  httle  if  any  commercial  demand,  thus  releasing  for  the 
market  the  maximum  proportion  of  the  output  of  better  grades  of  coal,  this  is  by 
no  means  the  estabhshed  practice. 

Ovfing  to  the  antiquated  equipment  of  many  colheries,  in  so  far  as  the  steam 
power  plant  is  concerned,  it  is  in  many  cases  not  possible  to  utihse  the  lower 
grades  of  fuel  for  steam  generation.  Under  such  conditions  from  6  per  cent,  to 
15  per  cent,  of  the  total  output  which  might  be  sold  is  used,  and  fuel  which  should 
be  utihsed  is  instead  to  a  large  extent  tipped  to  waste.  When  the  author  gave 
evidence  before  The  Royal  Conmussion  on  Coal  Siipphes  (1904),  particularly  con¬ 
cerning  the  utihsation  of  low  grade  fuels,  he  submitted  the  following  Table  (No.  3),^ 
showing  the  analyses  of  certain  waste  fuels,  some  of  which  were  then  being  partially 
utihsed  for  steam  generation. 

These  analyses  have  not  been  included  because  they  possess  any  present 
interest  or  value,  but  merely  for  convenient  comparison  with  a  number  of  analyses 
of  a  variety  of  waste  fuels,  which  have  all  been  made  within  the  past  two  years, 
and  which  are  included  in  Table  No.  4. 

The  analyses  in  Table  No.  4  cover  a  wide  range  of  fuels,  many  of  which  have 
been  regarded  as  waste  fuels,  for  which  there  has  been  httle  or  no  commercial 
demand. 

Some  of  the  very  low  grade  fuels  included  in  this  Table,  as,  for  instance, 
bats  and  pickings,  owing  to  their  high  ash  content,  and  the  labour  involved  in 
separating  the  combustible  from  the  incombustible,  may  be  generally  regarded 
as  useless. 

Many  of  the  washery  residues  are  difficult  to  deal  vdth,  but  assuming  that 

^  Second  Report  of  tlie  Royal  Commission  on  Coal  Supplies,  vol.  xi.,  IMinutes  of  ETidence,  1904. 
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the  ash  content  is  ^\hthin  reasonable  limits,  there  should  be  no  difficulty  in  con¬ 
siderably  reducing  the  moisture  content  by  air  drying. 

During  the  war  a  considerable  number  of  pit  heaps  were  surveyed.  In  some 
cases  the  waste  fuel  was  freshly  wrought,  in  many  other  cases  heaps  had  been 
standing  for  upwards  of  fifty  years,  such  accumulations  usually  being  at  or 
adjacent  to  “  worked  out  ”  or  abandoned  pits.  A  large  number  of  samples  were 
taken  for  analysis,  when  it  was  found  that  quite  a  considerable  proportion  cmdd 
be  utihsed. 

It  is  only  fair  to  observe  that  many  of  these  large  deposits  of  low  grade  fuel 
were  accumulated  at  a  time  when  all  fuel  was  cheap,  and  the  fuels  then  tipped  to 
waste  were  unsaleable. 

TABLE  No.  3 


Calorific  value 


evaporation 
per  lb.  of  fuel 

Volatile 

Incom- 

from  and  at 
212°  Fahr. 

matter. 

bustible. 

Park  Coal  Company, 

Coke  dust  and  coal 

10-2 

22-96 

22-23 

Mirfield 

dust 

Nunnery  Colliery  Co., 

Pond  settlings  from 

10-3 

27-43 

16-06 

Sheffield 

Low  Moor  Co.,  Ltd., 

tip 

Tank  settlings 

5-75 

20-63 

20-66  10-5 

Bradford 

Aldwarke  Main  Colliery, 

Pickings 

10-8 

35-5 

24-066 

Rotherham 

Morley  Main  Colliery  Co. 

Bottom  hub 

7-1 

41-6 

42-0 

Nunnery  Colliery  Co., 

Pickings  from 

8-5 

24-075 

36-6 

Sheffield 

screens 

5J  99 

Washery  refuse 

51 

17-125 

54-66 

99  99 

Pickings 

130 

35-16 

9-23 

Fryston  Colliery  Co. 

Fine  jvashings 

8-19 

39-36 

38-9 

New  Sharlston  Colliery, 

Washery  refuse 

10-28 

.. 

11-3  11-4 

Normanton 

99  99 

Pond  settlings 

12-04 

. . 

0-78  40-2 

Woolley  Colliery  Co. 

99 

11-66 

21-125 

17-4 

Crawshaw  &  Warburton, 

Shale 

4-45 

27-03 

56-63 

Dewsbury 


In  Table  No.  5  are  included  a  series  of  evaporative  tests  at  colheries  with 
Lancashire  boilers,  both  machine  fired  and  hand  fired,  burning  a  variety  of  low 
grade  and  waste  fuels. 
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TABLE  No.  4 


Lon'  Grade  Fuels  in  Colliery  Areas 


District. 

Description. 

Fixed 

carbon. 

Volatile 

matter. 

Ash. 

iMoisture. 

Calorific 

value 

B.T.U.’s. 

1. 

South  Stafforclsliire 

Smudge  . 

39-28 

15-7 

24-41 

*21-24 

6,884 

2. 

West  Yorkshire  . 

99  •  • 

54-79 

16-41 

23-21 

5-49 

9,653 

3. 

South  Yorkshire  . 

99  •  • 

40-31 

22-27 

24-26 

13-16 

8,566 

4. 

North  Staffordshire 

99 

27-81 

11-66 

*34-31 

*26-17 

4,524 

5. 

South  Yorkshire  . 

Slurry 

49-76 

19-07 

9-72 

*21-49 

9,647 

6. 

Derbyshire 

99 

39-62 

15-49 

19-06 

*25-86 

7,163 

7. 

Nottmgham 

99 

37-69 

13-46 

19-96 

*28-91 

6,265 

8. 

South  Yorkshire  . 

Washery  silt 

36-47 

17-11 

21-09 

*25-38 

7,141 

9. 

Lancashire 

,,  settlings 

46-63 

23-96 

*27-18 

2-27 

10,607 

10. 

South  Yorkshire  . 

,,  settlings 

52-49 

20-87 

10-53 

*16-17 

10,243 

11. 

Derbyshire 

,,  waste 

46-92 

17-61 

16-43 

*19-08 

9,176 

12. 

Warwickshire 

„  settlings 

34-75 

21-28 

20-69 

*23-32 

7,212 

13. 

South  Staffordshire 

„  settlings 

45-42 

22-14 

23-24 

12-28 

8,654 

14. 

North  Staffordshire 

„  finings 

38-41 

19-49 

*32-91 

10-53 

7,.503 

15. 

Lancashire 

,,  settlings 

48-06 

19-28 

22-57 

10-19 

9,426 

16. 

North  Staffordshire 

Heap  waste 

38-59 

22-79 

*37-34 

2-34 

8,087 

17. 

South  Staffordshire 

Pit  tip 

39-06 

30-16 

18-61 

12-16 

9,677 

18. 

Lancashire 

Pit  heajj  waste  . 

39-67 

27-42 

*30-44 

2-69 

8,952 

19. 

Worcestershire 

Mound  siftings  . 

38-21 

28-49 

22-89 

11-61 

8,669 

20. 

?  J  • 

Mound  waste 

37-86 

25-76 

24-44 

11-96 

7,988 

21. 

South  Staffordshire 

Fine  tip  slack  . 

45-51 

25-10 

17-11 

12-36 

8,829 

22. 

North  Staffordshire 

Tip  waste 

47-49 

24-67 

18-72 

9-18 

9,307 

23. 

Warwickshii’e 

Heap  slack 

42-56 

29-94 

12-33 

*15-25 

8,834 

24. 

Bats 

37-39 

29-00 

*25-91 

7-60 

8,691 

25. 

Leicestershire 

99 

27-23 

24-79 

*40-08 

8-02 

6,548 

26. 

Derbyshire 

99 

50-69 

25-46 

18-51 

5-42 

10,537 

27. 

Leicestershire 

Pickings  . 

23-32 

24-71 

*44-73 

8-01 

8,722 

28. 

North  Staffordshire 

99  *  • 

33-29 

19-46 

*46-19 

1-30 

8,631 

29. 

Derbyshire 

99  • 

35-43 

24-22 

*36-78 

4-01 

8,247 

30. 

North  Staffordshire 

99  •  • 

47-89 

27-34 

21-53 

3-26 

10,484 

31. 

Leicestershire 

Screened  dust  . 

49-17 

26-75 

14-82 

10-35 

9,854 

32. 

Warwickshire 

99 

48-76 

30-29 

9-16 

11-61 

10,319 

33. 

Nottingham 

99 

36-69 

21-64 

23-56 

*18-36 

7,892 

34. 

Lancashire  . 

Dant 

49-41 

25-85 

22-23 

2-51 

10,698 

35. 

Glamorgan  . 

Bank  small 

64-65 

13-86 

20-12 

1-38 

11,727 

36. 

•  • 

99 

71-57 

14-13 

12-58 

1-71 

12,762 

37. 

• 

Steam  duff 

65-96 

10-82 

20-91 

2-32 

11,018 

38. 

J9 

Unwashed  duff  . 

65-62 

11-49 

21-16 

1-85 

11,371 

39. 

Ayrshire 

Dry  gum 

45-82 

28-86 

18-13 

7-19 

10,617 

40. 

Fifeshire 

99 

55-01 

30-71 

9-36 

12,118 

41. 

Derbyshire 

Coke  dust 

48-98 

4-22 

15-29 

li-49 

10,176 

42. 

North  Staffordshire 

Coke  breeze 

61-66 

9-43 

15-66 

10-31 

10-118 

43. 

99  99 

Tip  breeze 

66-72 

10-08 

12-78 

10-53 

10,654 

44. 

99  >9 

Fine  tip  breeze  . 

49-97 

8-84 

*36-02 

5-26 

8,149 

45. 

Glamorgan 

Coke  breeze 

63-27 

5-78 

16-12 

14-81 

9,528 

46. 

South  Yorkshire 

,,  breeze 

65-75 

7-86 

15-64 

10-82 

10,257 

47. 

Derbyshire 

,,  dust 

63-89 

14-63 

13-54 

7-96 

11,336 

48. 

West  Yorkshire 

,,  ballast 

76-91 

2-98 

18-61 

1-42 

11,193 

49. 

North  Staffordshire 

„  breeze 

66-46 

4-56 

*27-88 

1-16 

10,352 

50. 

99  99 

Fine  breeze 

61-03 

10-01 

*26-07 

2-92 

9,715 

*  Fuels  marked  *  containing  uj)wards  of  25  per  cent,  of  ash  or  15  jier  cent,  of  moisture  have 
generally  keen  regarded  as  of  doubtful  commercial  value,  although  the  moisture  content  of  washery 
waste  could  be  considerably  reduced  by  air  drying. 
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It  is  interesting  to  compare  Continental  colliery  practice  with  British  practice 
in  the  utihsation  of  low  grade  and  waste  fuels  for  the  generation  of  steam. 

The  author  is  indebted  to  Mr  A.  J.  ter  Linden  and  Rijks  Instituut  Voor 
Brandstoffen  Economie,  S’Gravenhage,  Holland,  for  permission  to  publish  the 
following  very  complete  evaporative  tests  with  very  low  grade  and  waste  fuels 
at  the  Central  National  Mine,  “  Emma,”  Holland.  (Table  No.  6.) 

These  figures,  it  will  be  observed,  are  all  concerned  with  water  tube  boilers, 
and  it  is  possible  to  closely  compare  the  results  obtained  both  under  hand  fired 
conditions  and  with  mechanical  stokers  of  two  distinct  types. 

Generally  speaking  the  fuels  used  were  so  unsatisfactory  from  the  point 
of  view  of  high  moisture  content,  as  also  in  the  high  proportion  of  ash  and 
very  low  calorific  value,  as  to  be  fairly  regarded  as  quite  unsuitable  for  steam 
generation. 

If  the  analyses  and  calorific  values  of  the  fuels  used  in  this  series  of  tests  are 
compared  with  the  poorest  of  the  fuels  as  per  the  analyses  set  forth  in  Table  No.  3, 
it  will  be  evident  that  the  British  interpretation  of  the  term  “  waste  fuels  ”  differs 
very  considerably  from  the  Dutch  interpretation. 

In  the  judgment  of  the  Author  the  series  of  evaporative  tests  made  by  Mr 
A.  J.  ter  Linden  are  among  the  most  exhaustive  and  valuable  tests  which  have 
ever  been  made  with  waste  fuels. 

The  evaporative  tests  of  which  details  are  given  in  Tables  Nos.  5  and  6  have 
been  included  with  a  view  to  showing  the  grades  of  fuel  which  have  been  and  are 
being  utihsed,  as  also  the  evaporative  performance  of  boilers  of  both  the  internally 
and  externally  fired  types,  both  by  machine  and  hand,  with  the  thermal  efficiency 
obtained. 

In  British  practice  in  the  utilisation  of  the  lower  grade  fuels  for  steam  genera¬ 
tion  at  colheries  it  was  shown  many  years  since  that  one  of  the  principal  difficulties 
presented  was  in  the  very  hmited  grate  area  which  could  be  provided  with  internally 
fired  boilers,  such  as  those  of  the  Lancashire  type,  which  were  then,  and  still  are, 
very  extensively  used  at  colheries,  mainly  because  of  their  simphcity  and  by 
reason  of  the  considerable  advantage  offered  in  the  large  steam  and  water  reserve 
for  meeting  the  fluctuating  demand  for  steam. 

At  some  few  colheries,  with  a  view  to  the  utihsation  of  certain  waste  fuels, 
unsuitable  ahke  for  use  with  maclune  or  hand  fired  furnaces,  Lancashire  boilers 
were  provided  with  large  external  brickwork  furnaces,  designed  and  arranged  on 
similar  fines  to  refuse  destructors.  The  primary  object  of  these  furnaces  was  to 
provide  externally  to  the  boiler  a  much  larger  grate  area  than  could  be  provided 
internally,  at  the  same  time  providing  more  suitable  conditions  for  the  handhng 
and  efficient  burning  of  small  fuels  containing  a  high  percentage  of  incombustible. 

While  with  a  Lancashire  boiler  30  ft.  long  by  8  ft.  diameter  the  usual  or 
standard  grate  area  was  about  38  sq.  ft.,  it  was  possible  with  external  furnaces 
to  increase  the  grate  area  to  50,  75  or  even  100  sq.  ft.  if  so  desired,  while  also 
providing  2,  3  or  4  large  fire-doors  which  greatly  facihtated  both  the  firing 
and  the  chnkering. 


Furnace  TesU  :  Central  National  Mine,  “EmmaC"  Holland 
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A  furtlier  innovation  whicli  was  most  iiseful  in  maintaining  a  steady  steam 
pressure  was  tire  dividing  up  of  tlie  ashpits  into  separate  compartments,  each 
with  an  independent  forced  draught  supply,  enabhng  one  section  of  the  grate  to 
be  clinkered  while  the  other  sections  of  the  grate  were  in  full  use. 

Although  with  the  normal  grate  area  of  about  38  sq.  ft.  with  a  Lancashire 
boiler  it  was  frecpiently  found  impossible  to  obtain  the  rated  evaporative  output 
from  the  boiler,  by  increasing  the  grate  area  as  already  described,  and  providing 
forced  draught,  an  evaporation  of  frorrr  20  per  cent,  to  30  per  cent,  irr  excess  of 
the  rated  evaporation  could  be  obtained. 

While  showdng  a  very  marked  advance  in  the  burning  of  low  grade  fuels  for 
steam  generation,  the  external  furnace  and  large  grate  area  was  not  completely 
srrccessful,  for  the  following  reasons  : — 

(1)  The  hand  firing  of  such  a  large  grate,  srrrrorrrrded  by  iircandescent  fire¬ 
brick  walls  and  arches,  was  very  trying  ;  the  much  cooler  and  easier  conditions 
previously  obtaining  when  using  a  higher  grade  fuel  Avere  much  preferred  by  the 
firemen. 

(2)  The  chnkering  and  cleaning  of  the  fires  in  spite  of  the  advantage  of  divided 
ashpits  was  extremely  arduous  work,  and  as  such  it  was  resented. 

(3)  It  was  found  that  the  very  high  furnace  temperatures  obtained,  with  the 
very  rapid  and  locahsed  coohng  when  the  fires  were  cleaned,  involved  serious 
deterioration,  due  to  expansion  and  contraction.  Further,  the  incandescent  fire¬ 
brick  walls  were  constantly  damaged  and  weakened.  Trouble  was  also  experi¬ 
enced  with  the  arches,  and  even  if  these  were  supported  independently  of  the  side 
walls  it  was  forrnd  that  the  cost  of  renewal  and  repair  was  very  heavy. 

Had  the  external  furnace  fulfilled  all  expectations,  the  very  hrnited  space 
available  at  the  front  or  at  the  side  of  the  average  Lancashire  boiler  worrld  have 
prevented  its  use,  excepting  in  isolated  cases. 

The  external  furnace  was,  however,  completely  srrccessful  in  demonstrating 
that  many  low  grade  and  very  dirty  fuels  corrld  be  efficiently  rrtilised  for  the 
generation  of  steam  when  ample  grate  area  and  srritable  combustion  conditions 
were  provided. 

Further,  it  was  showm  that  srrch  fuels  could  be  rrtilised  withorrt  any  sacrifice 
in  the  evaporative  output  of  the  boiler. 

The  experience  gained  in  the  use  of  the  external  frrrnace  clearly  showed  that 
it  Avas  desirable  so  far  as  possible  to  eliminate  the  hrrrnan  element  and  to  adopt 
machine  firing. 

With  internally  fired  boilers  this  Avas  not  completely  srrccessful  because  of  the 
limited  grate  area  and  restricted  combustion  space  :  AAath  water  tube  boilers  it 
Avas  found  to  be  practicable  to  meet  all  reasonable  requirements. 

The  only  type  of  boiler  which  can  be  equipped  AAnth  mechanical  stokers  suitable 
for  efficiently  brrrning  Ioav  grade  fuels  is  the  water  tube  boiler.  With  no  other 
type  of  boiler  is  it  possible  to  provide  the  grate  area  reqrrired,  equivalent  combustion 
conditions,  and  at  the  same  time  facilities  for  the  easy  and  automatic  removal  of 
incombustible. 
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These  three  factors  are  of  vital  importance.  Unless  the  grate  area  is  am])le 
the  required  evaporative  output  cannot  be  obtained.  Unless  the  combustion  con¬ 
ditions  are  satisfactory  the  fuel  efficiency  obtained  is  low,  which  involves  a  constant 
loss.  Unless  facilities  can  be  provided  for  the  rapid  and  easy  removal  of  incom 
bustible,  with  but  the  minimum  of  labour  cost,  it  is  soon  found  that  the  use  of  so- 
called  cheap  low  grade  fuels  is  in  practice  a  very  expensive  method  of  generating 
steam. 

It  is  useless  to  ignore  the  fact  that  the  three  requirements  mentioned  above  are 
not  fully  met  in  the  Lancashire  boiler,  whether  hand  fired  or  machine  fired.  The 
grate  area  is  limited,  the  combustion  space  is  restricted,  and  the  removal  of  the 
incombustible — which  must  in  any  case  be  brought  to  the  front — involves  the 
use  of  manual  labour,  the  extent  and  cost  of  which  depends  entirely  upon  the 
percentage  of  incombustible,  and  the  means  employed  for  its  removal  from  the 
front  of  the  boiler. 

While  the  Lancashire  boiler  is  specifically  referred  to,  it  may  be  said  that  the 
objections  named  apply  equally  to  all  internally  fired  boilers.  Actually  boilers 
of  the  fire  tube  type,  such  as  dry-back  boilers,  are  less  sativsfactory  than  those  of 
the  Lancashire  type,  because,  apart  from  the  objections  already  discussed,  the 
utihsation  of  low  grade  and  dirty  fuel  involves  the  rapid  choking  f)f  the  tubes, 
necessitating  constant  cleaning,  or,  alternatively,  back  draught  and  consequent 
inefficiency  is  certain. 

It  may  be  unfortunate,  but  the  fact  remains  that  for  the  most  efficient  utilisation 
of  low  grade  fuel  one  type  of  boiler  is  superior  to  all  other  tyj^es.  The  author  is 
well  aware  that  this  is  a  contentious  matter,  but  would  submit  that  on  the  broad 
facts,  and  by  experience,  it  is  clearly  and  conclusively  shown,  that  internally  fired 
boilers  are  incapable  of  giving  results  in  any  way  equivalent  to,  or  comjiarable 
with,  those  results  obtainable  with  externally  fired  or  water  tube  boilers. 

While,  as  observed  in  the  preface,  the  use  of  coal  in  pidverised  form  does  not 
come  within  the  scope  of  this  work,  there  can  be  no  doubt  that  this  system  of  firing 
will  be  extensively  employed  at  collieries  within  the  next  few  years,  both  with 
internally  and  externally  fired  boilers,  enabling  fuels  to  be  efficiently  utilised  which 
are  now  to  a  serious  extent  regarded  as  unuseable. 
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LIGNITE  AND  BROWN  COAL 

Although  it  is  sometimes  assumed  that  lignite  and  brown  coal  are  almost  identical, 
it  is  frequently  found  that  there  are  very  marked  and  distinct  differences  in  these  fuels, 
not  only  in  their  appearance,  but  in  their  physical  characteristics  and  composition. 

In  lignite  almost  invariably  the  form  and  structure  of  wood  is  very  evident, 
often  with  but  little  change  in  appearance  from  the  original.  Other  lignites  are  of 
a  more  fibrous  character  with  much  variety,  some  being  very  dense,  while  others 
are  of  a  loose  and  earthy  nature. 

Brown  coal  usually  is  a  dense  fuel  resembling  a  hard  peat,  and  is  as  a  general  rule 
free  from  the  woody  structure,  which  is  such  a  marked  feature  of  many  lignites.  Close 
examination  of  brown  coal  does,  however,  sometimes  show  traces  of  a  similar  structure. 

^^^lile  differing  in  their  appearance,  physical  characteristics  and  composition, 
all  lignites  and  brown  coal  possess  certain  characteristics  in  common.  The  moisture 
content  although  varying,  is  high,  while  upon  exposure  to  the  atmosphere  disin¬ 
tegration  is  frecpently  rapid  with  consequent  deterioration.  The  ash  content 
varies  considerably,  as  also  its  composition. 

As  observed  in  a  preceding  chapter,  the  efficient  utilisation  of  these  fuels  is  of 
much  importance  because  of  their  proportion  to  the  total  available  coal  reserves, 
not  only  within  the  British  Empire,  but  in  other  countries. 

According  to  statistics  issued  by  the  United  States  Geological  Survey  in  April 
1921,  the  production  of  lignite  during  1920  was  as  follows  : — 


Metric  Tons. 

Austria.  .......  2,387,996 

Czeclio  Slovak  Reptdilic  .....  19,695,600 

France  ........  1,000,000 

Germany  .......  11,634,000 

Italy .  1,662,430 

Netherlands  .......  1,395,851 

Spain  ........  552,866 


Great  Britain. — In  Great  Britain  the  only  known  lignite  deposit  of  any  im¬ 
portance  is  at  Ilsington,  Bovey  Tracey,  Devonshire,  on  the  south-eastern  fringe  of 
Dartmoor.  In  1853  the  output  was  about  18,000  tons,  and  until  coal  was  available 
locally  at  a  low  price,  the  lignite  was  used,  not  only  for  domestic  purposes,  but  also 
at  a  neighbouring  pottery. 

During  recent  years  schemes  have  been  under  consideration  for  the  development 
and  local  use  of  this  deposit,  but  up  to  the  present  nothing  appears  to  have  been 
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done.  Four  samples  of  Bovey  Tracey  lignite  analysed  a  few  years  since  gave  the 
following  results  : — 


No.  of 
Sample. 

Fixed 

Carbon. 

Volatile 

matter. 

Ash. 

^Moisture. 

Calorific 

value 

B.T.r.s. 

(1) 

38-54 

48-57 

-79 

12-10 

11,040 

(2) 

25-68 

20-60 

17-27 

27-45 

5,276 

(3) 

29-65 

35-88 

3-02 

31-45 

6,948 

(U 

26-11 

26-53 

8-36 

.39-00 

5,695 

It  will  be  observed  that  the  resvdts  shown  in  the  approximate  analysis  of  sample 
No.  1  are  altogether  different  from  the  test  results  obtained  with  the  other  three 
samples.  In  explanation  of  this  it  may  be  said  that  the  latter  probably  represents 
approximately  the  composition  of  the  bulk  of  the  deposit,  while  of  the  former,  which 
is  known  locally  as  “  Rectinite,”  comparatively  small  quantities  are  found. 

The  “  Rectinite  ”  appears  to  contain  a  large  percentage  of  aromatic  resinous 
material,  and  may  be  readily  ignited  with  a  match.  The  true  lignite  contains  an 
unusually  high  percentage  of  sulphur. 

Germany. — The  development  of  the  lignite  resources  of  Germanv  has  within 
recent  years  become  of  much  greater  importance  to  the  nation  by  reason  of  the 
reduced  output  of  coal  due  to  decreased  efficiency  of  the  miners,  and  to  the  loss  of 
important  coal-fields  in  Upper  Silesia  and  the  Saar  Valley. 

In  the  interests  of  brown  coal  development  a  chair  of  Brown  Coal  Technology 
has  been  created  at  Freiburg  Mining  School,  while  at  the  Technical  University  of 
Charlottenburg  a  Brown  Coal  Technological  and  Research  Department  has  been 
established  by  the  brown  coal  industry. 

In  1872  the  production  of  lignite  in  Germany  was  only  9  million  tons  ;  thirty 
years  later  it  had  increased  to  over  40  million  tons  per  annum.  During  the  next 
decade  the  output  reached  70  million  tons  per  annum. 

The  following  Table,  No.  7,^  shows  the  comparative  annual  production  of  lignite, 
lignite  briquettes,  coal,  and  coke  for  the  years  191.3  to  1921  inclusive  : — 

TABLE  No.  7 


Production  in  Germany  of  Lignite  and  Lignite  Briquettes  as  compared  with  Coal  and  Coke 


Y  ear. 

Bituminous 

Coal. 

Lignite. 

Coke. 

Lignite 

Bricpiettes. 

Tons. 

O' 

/o 

Tons. 

0/ 

/o 

Tons. 

% 

Tons. 

0  1 
o 

1913 

173,096,000 

100- 

87,233,000 

100- 

30,400,000 

100- 

21,416,000 

100- 

1914 

148,504,000 

85-8 

83,694,000 

95-9 

27,137,000 

89-3 

21,098,000 

98-5 

1915 

136,502,000 

78-9 

87,948,000 

100-8 

26,209,000 

86-2 

22,750,000 

106-2 

1916 

147,916,000 

85-5 

94,332,000 

108-1 

33,139,000 

109-0 

23,484,000 

109-6 

1917 

154,845,000 

89-5 

95,543,000 

109-5 

32,434,000 

106-7 

22,048,000 

102-9 

1918 

148,187,000 

85-6 

100,675,000 

115-4 

32,309,000 

106-3 

23,111,000 

107-9 

1919 

107,691,000 

62-2 

93,843,000 

107-6 

21,206,000 

59-8 

19,716,000 

92-1 

1920 

131,347,000 

75-9 

111,634,000 

128-0 

25,177.000 

82-8 

24,282,000 

113-4 

1921 

136,210,000 

78-7 

123,011.000 

140-9 

27,921,000 

91-6 

28,243.000 

131-9 

^  ”  Reich  Kohlen  Verband,”  2nd  Annual  Report,  j'ear  ended  March  3tlth,  1922. 


28  UTILISATION  OF  LOW  GRADE  AND  WASTE  FUELS 


It  will  be  observed  that  during  the  past  ten  years  the  production  of  bituminous 
coal  has  decreased  to  the  extent  of  36,886,000  tons  per  annum,  while  dining  the 
same  period  the  production  of  lignite  has  increased  to  the  extent  of  35,778,000  tons 
per  annum. 

The  character  of  the  lignite  and  brown  coal  deposits  in  Germany  varies 
considerably.  Faults,  folds,  thrust  faults,  ruptures,  and  interstratified  layers  of 
sand  and  shale  often  make  the  mining  of  the  deposit  very  difficult. 

The  thickness  of  the  bed  varies  from  a  few  inches  to  300  feet.  The  method  of 
mining  adopted,  whether  by  strip  pit,  i.e.  open  cut,  or  by  undergroimd  mining, 
depends  upon  the  depth  and  extent  of  the  overburden,  ivhich  usually  consists  of 
sand  and  clay. 

When  underground  mining  is  adopted  the  coal  is  usually  reached  by  means 
of  a  shaft  rather  than  by  a  drift,  an  entry  being  driven  through  the  de¬ 
posit  to  the  further  property  line,  with  side  entries  on  either  side  at  regular 

intervals,  with  cross  roadways  between. 
Thus  the  coal  is  divided  up  into  pillars 
measuring  4  metres  (13  feet)  square  ; 
the  coal  obtained  from  these  pillars  is 
transported  through  the  side  entries  to 
the  main  entry,  and  thence  up  through 
the  shaft. 

The  roof  of  the  area  thus  exca¬ 
vated  is  allowed  to  collapse.  Produc¬ 
tion  is  started  at  the  far  end  of  the  field 
and  proceeds  backwards  towards  the 
shaft. 

i\Iuch  lignite  has  to  be  left  in,  and 
it  has  been  reported  that  in  mines 
operated  under  this  system  the  loss  of 
fuel  usually  exceeds  40  per  cent., 
whereas  under  the  open  cut  system  of 
mining  the  loss  is  usually  about  5  per 
cent.,  and  rarely  reaches  10  per  cent. 
The  loss  of  fuel  in  underground 
mining  appears  to  be  so  heavy  that,  even  if  the  thickness  of  the  overburden  is 
three  times  that  of  the  underlying  coal  deposit,  it  is  nevertheless  more  profitable 
to  remove  this  heavy  proportion  of  waste  material  by  open  cut  operation  rather 
than  working  by  underground  methods. 

By  the  adoption  of  mechanical  excavators  or  dredges,  the  overburden  is  rapidly 
stripped  and  removed.  These  machines,  which  are  set  on  rails,  slowly  traverse  the 
face,  removing  the  material  and  loading  into  self-tipping  wagons  in  one  operation. 
For  the  mechanical  winning  of  the  coal,  with  a  view  to  reducing  the  cost  of  mining, 
various  machines  have  been  tried.  One  very  successful  type  of  traversing  cutter 
and  excavator  is  constructed  to  operate  on  any  height  of  coal  face  up  to  100  feet. 


Fig.  1. — Mining  Brown  Co.il  by  Hand  (Germany') 
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consisting  of  a  body  travelling  on  rails  supporting  a  framework  carrying  two  link 
belts  with  cutters,  the  loading  buckets  being  suspended  underneath.  Tliese 
machines,  which  are  electrically  operated  and  controlled,  cut  and  load,  with  a  crew 
of  two  only — one  mechanic  and  an  assistant. 

^Mien  the  fuel  is  mined  by  hand,  as  illustrated  in  Fig.  1,  it  is  directed  into  cars 
by  means  of  chutes  laid  close  up  to  the  coal  face,  or  holes  are  dug  into  the  coal  face 
as  shown  in  Fig.  2. 

This  method  is  known  as  rollochbetrieb.  The  narrow  end  of  the  “  rolloch  ”  is 
closed  by  means  of  timber,  and  is  arranged  at  such  a  height  above  the  level  f)f  the 
top  of  the  cars  to  be  loaded  that  these  can  be  run  underneath  anfl  filled  bv  gravity, 
the  loose  coal  in  the  funnel  beine  released  as  desired.  Usuallv  the  sides  of  the 
■■  rolloch  ”  are  arranged 
so  steep  that  the 
loosened  lignite  will  run 
down  without  any 
handling. 

The  cars  are  gener¬ 
ally  conveyed  from  the 
mine  to  the  briquetting 
plant  by  endless  chain 
haulage.  When  the 
raw  lignite  reaches  this 
plant  it  is  subjected  to 
three  entirely  distinct 
operations,  viz. ,  pre¬ 
paration,  drying,  and 
briquetting. 

The  fuel  is  first 

discharged  from  the  car  by  means  of  a  rotary  tippler  and  delivered  into  a  funnel- 
shaped  bunker,  from  which  it  goes  forward  to  the  crushers.  From  the  crushers 
the  broken  fuel  is  delivered  on  to  an  inclined  shaking  screen,  which  has  a  length 
of  from  13  to  20  feet  and  a  width  of  about  4  feet. 

From  this  screen  pieces  less  than  |-inch.  cube  riddle  through,  the  larger  jheces 
passing  forward  to  the  rollers  or  to  a  centrifugal  mill.  The  finer  coal  is  again 
screened,  the  lumps  from  the  screen  passing  to  a  belt  conveyor,  by  means  of  which 
it  is  transported  to  the  boiler-house.  The  wet  fuel  intended  for  briquetting  is  dried 
either  in  tubular  or  shelf  dryers  :  with  both  types  of  dryer  exhaust  steam  is  used 
for  drying  ;  this  process  is  usually  continued  until  the  water  content  is  reduced  to 
15  per  cent. 

With  dryers  of  the  tubular  type  the  pressure  of  steam  used  is  generally  from 
2  to  3  atmospheres  absolute.  For  dryers  of  the  shelf  or  plate  type  the  steam 
pressure  ranges  from  1-5  to  2  atmospheres. 

The  tubular  dryer  may  be  described  as  a  cylindrical  sheet-iron  shell  8  ft.  2|-  ins. 
to  9  ft.  10  ins.  long,  with  two  heavy  plate  ends  carrying  tubes  of  3|-  ins.  diameter 


Fig.  2. — Mining  Beown  Coal  by  Hand  (Gebmany). 
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through  which  the  coal  passes.  These  tubes  are  surrounded  by  exhaust  steam. 
The  centre  hne  of  the  dryer  is  arranged  at  an  angle  of  6  degrees  from  the  horizontal. 

The  shelf  or  plate  dryer  {tellertrockner)  consists  of  from  25  to  36  circular 
shelves,  each  having  a  diameter  of  16  ft.  4f  ins.  arranged  veritically  above  each 
other  at  regular  intervals.  The  shelves  are  made  up  of  two  circular  iron  sheets 
riveted  to  a  frame,  the  space  between  the  sheets  providing  a  chamber  for  the 
exhaust  steam. 

By  means  of  rotary  shovels  the  lignite  is  constantly  turned  over  and  pushed 
alternately  towards  openings  at  the  centre  and  outer  circumference  which  connect 
the  separate  shelves. 

From  the  dryer  the  dry  coal  is  delivered  on  to  a  trommel  or  revolving  screen 
and  is  there  separated  into  fine  coal  and  coal  dust,  passing  thence  into  a  Jalousie- 


Fig.  .3. — Steam  Briquetting  Press  Engine,  for  German  Brown  Coal. 

kuehler  or  air  cooler  of  the  lattice  type,  in  which  the  temperature  of  the  fuel  is 
suitably  reduced  for  the  process  of  briquetting. 

Leaving  the  cooler  the  dried  and  cool  lignite  is  taken  by  means  of  a  conveyor 
to  the  bunkers,  which  are  arranged  immediately  above  the  briquetting  presses. 

Steam-driven  presses  of  the  plunger  type  are  now  almost  exclusively  used  for  the 
briquetting  of  lignite  and  brown  coal.  The  use  of  steam-driven  plant  is  favoured 
mainly  because  exhaust  steam  is  rec^uired  for  the  operation  of  the  dryers.  With 
the  presses  usually  employed  the  stroke  varies  from  6j  ins.  to  almost  11  ins., 
depending  upon  the  condition  of  the  fuel  and  the  desired  density  of  the  briquette. 
A  rod  transfers  the  crank  movement  to  a  heavy  slide,  to  the  other  end  of  which  a 
plunger  is  attached.  The  principal  part  of  the  press  is  the  head,  in  which  is  placed 
the  mould,  consisting  of  a  channel  3  ft.  3  ins.  long,  open  at  both  ends.  The  sides 
of  the  mould  are  of  interchangeable  steel  plates  so  set  that  the  free  opening  is  of  the 
desired  dimensions  for,  tlie  size  of  briquette  which  is  being  made.  The  plates  are  so 
formed  that  the  opening  on  the  press  side  is  a  few  millimetres  wider  than  the  rest 
of  the  channel. 

The  difference  in  width  depends  upon  the  nature  of  the  fuel  used  and  the  desired 
firmness  or  density  of  the  briquette.  The  opening  can  be  regulated  while  the  press 
is  in  operation.  The  plunger,  fitting  closely  in  the  widest  end  of  the  channel,  pushes 
a  quantity  of  dry  coal  into  the  mould  and  forms  a  briquette  with  every  forward 
movement. 
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On  the  return  stroke  the  space  left 
by  the  plunger  is  again  filled  with  another 
measured  quantity  of  fuel,  which  is 
compressed  at  the  next  stroke.  Each 
briquette  is  pushed  forward  in  the  mould 
by  the  succeeding  charge.  On  passing 
the  narrowest  part  the  briquette  is  again 
subjected  to  pressure,  causing  friction 
and  consequently  back  pressure  on  the 
plunger. 

Leaving  the  passage  way  or  channel 
the  briquettes  pass  into  a  trough,  through 
which  they  are  pushed  in  a  continuous 
string  by  the  action  of  the  plunger. 
This  trough  may  be  adjusted  either  hori¬ 
zontally  or  vertically,  and  the  briquettes 
may  be  discharged  therefrom  direct  into 
railway  wagons. 

Not  only  the  length  of  the  stroke, 
but  also  the  speed  of  the  press,  depend 
greatly  upon  the  condition  of  the  coal. 
The  speed  is  usually  from  80  to  125 
r.p.m.  The  pressure  required  for  the 
formation  of  the  briquette  is  from  1200 
to  2000  atmospheres  (17,640  to  29,000 
lbs.)  per  square  inch.  The  press  must 
be  so  built  that  the  fly  wheels  are 
capable  of  exerting  such  pressures. 

Fig.  No.  3  illustrates  a  Steam 
Briquette  Press.  The  press  and  engine 
are  arranged  upon  a  common  bedplate, 
and  a  single  crankshaft  serves  for  both 
pai-ts  of  the  unit. 

In  Fig.  No.  4  is  shown  a  complete 
plant  for  crushing,  sizing,  re-crushing, 
re-sizing,  drying,  cooling,  and  briquetting 
brown  coal. 

The  dry  coal  is  held  together  with¬ 
out  any  added  binder,  partly  as  the 
result  of  the  high  pressure  exerted  upon 
it,  and  partly  through  the  heat  gener¬ 
ated  in  the  process,  which  softens  the 
coal  and  the  substances  contained,  such 
as  paraffins  and  resins. 


Fig.  4. — Complete  Pl.\nt  for  Crushing,  Re-crushing,  Re-sizing,  Jurying,  Cooling  and  Briquetting  Brown  Co.al  {(Sekmanv). 
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The  calorific  value  of  lignite  briquettes  is  about  8500  B.T.U.’s  per  pound, 
and  they  are  now  used  for  a  variety  of  purposes.  As  will  be  observed  from  Tables 
Nos.  7  and  8  the  annual  production  now  exceeds  28  miUion  tons. 

It  is  generally  agreed  that  9  tons  of  raw  hgnite  {Rohbraunkol)  are  equal  to 
2  tons  of  bituminous  coal  {Steinkol),  and  that  7  tons  of  hgnite  briquettes  {Braun- 
kohlenbrickeits)  are  equal  to  4  tons  of  bitunnnous  coal. 

Lignite  is  now  being  used  in  some  very  large  generating  stations  in  Germany 
for  steam  generation,  and  there  is  no  doubt  that,  as  a  cheap  and  inexpensively 
mined  fuel,  it  is  destined  to  play  a  very  important  part  in  electrical  development 
upon  a  very  large  scale,  which  will  be  of  great  advantage  in  providing  cheap  power 
for  many  industries. 

AUiile  it  must  not  be  assumed  that  German  engineers  possess  a  monopoly  in 
their  experience  of  hgnite,  yet  it  must  be  admitted  that  in  the  development  of  the 
deposits  of  this  fuel,  and  in  the  constant  expansion  of  an  important  briquetting 
industry,  they  have  acqrured  a  very  valuable  experience  in  the  treatment  of  this 
high  moisture  fuel. 

The  experience  of  German  makers  of  briquetting  plant,  as  also  the  fact  that 
they  are  able  to  manufacture  hgnite  briquettes  without  the  use  of  any  binding 
medium,  was  undoubtedly  mainly  responsible  for  the  decision  of  the  Electricity 
Commissioners  of  Victoria,  Austraha,  to  instal  German  briquetting  plant  in  con¬ 
nection  wdth  the  important  Morwell  project,  winch  wall  be  referred  to  later. 

The  following  Table,  No  8,^  shows  the  comparative  consumption  of  bituminous 
coal,  coke,  brown  coal,  and  browm  coal  briquettes  in  Germany  in  1921,  as  also  the 
use  to  which  the  brown  coal  and  browm  coal  briquettes  was  put : — 


TABLE  No.  8 


Bituminous 

Coal. 

Coke. 

Brown  Coal. 

Brown  Coal 
Briquettes. 

Tons. 

Tons. 

Tons. 

Tons. 

64,704,000 

21,466,000 

39,376,000 

26,339,000 

Raibvays 

.  13,483,000 

2,934,000 

88,000 

202,000 

Shipping 

2,628,000 

5,000 

20,000 

Water  AVorks  . 

467,000 

15,000 

,  , 

Gas  AA'orks 

6,793,000 

70,000 

.  , 

.  , 

Electricity  Works 

4,478,000 

44,000 

9,739,000 

1,076,000 

Domestic  | 

Agriculture,  etc.  | 

7,192,000 

3,315,000 

1,555,000 

14,481,000 

Industry 

.  29,361,000 

14,978,000 

23,344,000 

10,135,000 

Canada. — Although  about  one-sixth  of  the  coal  resources  of  the  wmrld  are 
possessed  by  the  Dominion  of  Canada,  the  deposits  are  confined  to  the  eastern 
and  western  portions  of  the  Dominion,  the  central  portion  being  supplied  with 
imported  coal. 

^  “  Reich.  Kohlen  Verband,”  2nd  Annual  Report,  year  ended  March  30th,  1922. 
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Hence  it  is  that  with  no  fuel  other  than  peat  and  timber  available  in 
the  very  extensive  region  betAveen  the  Atlantic  bituminous  coal  areas  and  tin* 
hgnite  deposits  of  Saskatchewan,  the  provinces  of  Quebec,  Ontario,  and  Manitoba 
have  been  supplied  mainly  by  means  of  imported  coal  from  the  United  States, 
supplemented  by  supplies  from  Eastern  and  ^^hstern  Canada. 

Mr  R.  A.  Ross  in  his  Report  ^  to  the  Honorary  Advisory  Coimcil  for  Scientific 
and  Industrial  Research  on  “  The  Briquetting  of  Lignite,”  thus  referred  to  the 
position  ; — 

“As  more  than  half  of  the  coal  used  in  Canada  is  imported  from  the  United 
States,  and  as  nearly  all  is  used  in  this  naturally  coalless  region,  our  dependence 
upon  the  United  States  constitutes  at  once  an  industrial  menace  and  a  national 
problem. 

“  Fortunately  this  problem  is  capable  of  solution.  Superabundant  luiutihsed 
Avater  poAvers  can  proAude  ample  energy  for  industrial  requirements  in  Eastern 
and  Central  Canada.  Further  Avest  the  feasibility  of  meeting  requirements  in 
SaskatcheAA'an  and  Manitoba  by  utilising  prepared  lignites  and  sub-bituminous 
coals  is  the  subject  of  this  report.” 

The  actual  and  probable  reserves  of  lignite,  and  lignitic  or  sub-bituminous 
coals  in  Western  Canada  is  as  folloAA^s  : — ■ 


Actual  Reserves 


Lignite. 

Lignitic  ok 
Sub-  Bituminous. 

Millions 

Millions 

Metric 

Metric 

Tons. 

Tons. 

Saskatchewan 

Alberta 

2,412 

382,500 

British  Columbia 

. 

60 

2,412 

382,560 

Probable  Reserves 

Lignite. 

Lignitic  ok 
Sub- Bituminous. 

Millions 

Millions 

jMetric 

jMetric 

Tons. 

Tons. 

Manitoba . 

160 

SaskatcheAvan  . 

.  57,400 

Alberta  . 

.  26,450 

464,821 

British  Columbia 

5,136 

84,010 

469,957 

“Report  No.  1  to  the  Honorary  Advisory  Council  for  Scientific  and  Industrial  Research.” 
Canada,  1918.  By  !Mr  R.  A.  Ross. 

C 
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Fiilly  realising  the  great  potential  value  of  the  very  considerable  deposits  of 
hgnite,  as  also  the  necessity  for  such  development  as  Avill  enable  the  importation 
of  coal  to  be  much  reduced,  the  Canadian  Government  have  for  some  years  past 
devoted  close  attention  to  the  problems  involved. 

Both  the  Canadian  Government  Department  of  Mines  at  Ottawa  and  the 
Commission  of  Conservation  have  done  a  great  deal  of  very  valuable  work,  which 
must  be  of  immense  advantage  in  fui-thering  the  development  of  the  enormous 
fuel  and  power  resources  of  the  Dominion,  and  in  overcoming  the  difficulties 
Avhich  exist. 

When  the  author  Avas  in  Canada  in  the  autumn  of  1920  he  was  pri Alleged  to 
see  something  of  the  work  Avhich  had  been  and  Av^as  being  done,  and  the  opinion 
then  formed  was  that  fuel  conservation  problems  were  being  tackled  AAuth  a  thorough¬ 
ness  which  might  Avith  advantage  be  emulated  in  Great  Britain,  and  also  in  other 
British  dominions. 

With  a  vieAv  to  the  utihsation  of  lignite  both  for  industrial  and  domestic 
purposes,  and  particularly  for  the  latter  ^  much  valuable  experimental  Avork  has 
been  done.  Not  only  has  a  complete  investigation  been  made  of  all  Canadian 
fuels,  covering  both  proximate  and  ultimate  analyses,  but  the  work  done  has  also 
comprised  Producer  Tests  in  the  production  of  power  or  fuel  gas,  research  and 
experimental  work  in  the  carbonisation  and  briquetting  of  lignites,  and  practical 
steam  boiler  trials  AAuth  a  considerable  range  of  hgnites. 

In  the  manufacture  of  carbonised  hgnite  briquettes  the  raAv  hgrute  is  heated 
in  closed  retorts  someAvhat  similar  to  bye-product  coke  ovens. 

The  volatile  matter  and  moisture  is  driven  off  in  the  form  of  a  gas,  a  portion  of 
Avhich  may  be  used  for  heating  the  retort,  and  the  remainder  recovered. 

The  carbonised  material,  unhke  bituminous  coke,  is  hard  and  dense,  consisting 
chiefly  of  slack  or  breeze.  When  briquetted  it  produces  a  fuel  similar  in  many 
respects  to  anthracite. 

RaAv  hgnite,  as  used  for  firing  steam  boilers  at  the  generating  station  of  the 
city  of  Edmonton,  Alberta,  was  reported  to  have  the  folloAving  composition  ; — 


Fixed  carbon  .  .  .  . 

Volatile  matter  .  .  .  . 

IMoisture  .  ...  . 

Ash . 

Calorific  power  (B.T.U.’s),  as  fired 


29-00  per  cent. 
28-00 
25-00 
18-00 
7800 


Analyses  of  a  number  of  samples  of  Alberta  and  Saskatchewan  and  typical 
Canadian  hgnites  are  given  in  the  folloAAung  Tables,  Nos.  9  and  10  : — • 

^  In  1918  the  Lignite  Utilisation  Board  was  established  with  a  view  to  the  comxslete  mvestigation 
of  all  apparatus  and  processes  for  carbonisation  and  briquetting.  Further,  to  provide  a  plant  of 
commercial  size  adjacent  to  developed  mines  in  Southern  Saskatchewan,  the  immediate  objective 
being  the  production  of  domestic  fuel. 
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TABLE  No.  9 


Chemical  Analyses  of  Alberta  and  Sashatcheiran  Lignites  ^ 


Tofield. 

Gainford 

Rosedale. 

Cardiff. 

'twin 

City. 

Souris. 

Moisture  .... 

25-0 

17-0 

16-5 

20-0 

18-1 

29-7 

Fixed  carbon  . 

.36-7 

43-8 

43-4 

40-4 

41-3 

49-6 

Volatile  matter. 

29-8 

30-8 

.33-6 

31-6 

33-3 

44-5 

Nitrogen  .... 

0-9 

1-G 

1-3 

1-2 

M 

1-3 

Sulphur  .... 

0-3 

0-6 

0-4 

0-2 

0-6 

Ash  .... 

8-5 

8-4 

0-5 

8-0 

7-3 

12-4 

Calorific  power  (B.T.U.’s). 

7,990 

9,040 

9,650 

8,787 

9,685 

10,170  2 

TABLE  No.  10 

Proximate  Analyses  of  Typical  Canadian  Lignites. 

Proxim.^te  Analyses,  Dry. 


Locality. 

Jloisture 
freshly 
mined  ‘’q. 

Volatile 

matter. 

Fixed 

Carbon. 

Ash. 

B.T.U.’ 

Taylorton 

.  28-6 

42-9 

49-0 

8-1 

Estevan 

.  30-9 

40-0 

43-2 

16-8 

Bienfait  Mine  . 

.  29-25 

29-05 

35-90 

5-90 

7  6(  15 

Estevan  Coal  and  Brick  Co.  | 
Upper  porton  3  ft.  6  ins.J 

.  25-67 

28-94 

38-59 

6-80 

8073 

Lower  portion  3  ft.  . 

.  26-20 

26-70 

35-95 

11-15 

Willow  Bunch  Lake 

.  20-15 

28-47 

34-18 

17-20 

6388 

Bienfait  Lower  Seam 

.  22-40 

29-73 

37-97 

9-90 

Lignite,  as  mined,  has  been  satisfactorily  used  in  Western  Canada  for  the  firing 
of  steam  boilers  for  some  years  past.  In  1913-14  steam  boiler  tests  with  Alberta 


s 


Fig.  5. — Type  of  Firebar  used  in  Evaporative  Tests  with  Alberta  Lignites  at  Ottawa. 

lignites  were  conducted  at  the  Fuel  Testing  Station  of  the  Canadian  Government, 
Department  of  Mines,  by  Mr  B.  F.  Haanel,  B.Sc.,  Chief  of  the  Fuels  and  Fuel  Testing 

^  “  Peat  Lignite  and  Coal,”  by  B.  F.  Haanel,  B.So.,  Chief  of  Fuels  and  Fuel  Testing  Division, 
Canada,  Department  of  Mines,  1914. 

^  Dry  coal. 


36  UTILISATION  OF  LOW  GRADE  AND  WASTE  FUELS 


Division,  and  Mr  Jolin  Blizard,  B.Sc.  Tire  following  details  of  these  tests  are  of 
interest,  particularly  having  in  mind  that  the  boiler  used  was  not  provided  mth  any 
special  equipment,  nor  was  the  grate  or  furnace  in  any  way  altered  from  that 
usually  employed  for  the  burning  of  coal. 

The  boiler  used  for  the  tests  was  of  the  Babcock  &  Wilcox  Marine  type, 
having  677  sq.  ft.  of  heating  surface.  The  working  steam  pressure  was  120  lbs. 
per  sq.  in.,  the  grate  area  23-2  sq.  ft.,  the  ratio  of  heating  surface  to  grate  area 
being  29.  The  grate  used  was  of  corrugated  firebars  having  an  air  spacing  of 
approximately  j  in.  ;  the  type  of  firebar  used  is  illustrated  in  Fig.  5. 

TABLE  No.  11 

Steam  Boiler  Tests  with  Alberta  Lignites  at  the  Fuel  Testing  Station 
of  the  Department  of  Mines,  Ottawa 


Fuel. 


Duration  of  tests  .  .  .  .  . 

Proximate  analysis  of  fuel  as  fired — 

Moisture  ....... 

Fixed  carbon  ...... 

Volatile  matter  ...... 

Ash  ........ 

Calorific  value  of  fuel  as  fired  i)er  lb. 

Hourly  quantities — 

Fuel  as  fired  per  hour  .  .  .  . 

Fuel  as  fired  per  sq.  ft.  of  grate  per  hour 
Equivalent  evaporation  from  and  at  212  deg. 

Fahr.  per  hour  .  .  .  .  . 

Equivalent  evaporation  from  and  at  212  deg. 
Fahr.  per  sq.  ft.  of  heatmg  surface 

Average  temiperatures,  pressures,  etc. — 

Steam  pressure  per  sq.  inch 

Feed  water  ...... 

Moistm'e  percentages  hi  steam 
Pressure  difference  of  draught  above  and 
below  grate  ...... 

Pressure  difference  of  draught  between  gas  exit 
and  ashpit  ...... 

I  Average  temperatures,  -pressures,  etc. — 

;  Gas  temperature  at  boiler  exit 

I 

Flue  Gas — 

Average  carbon  dioxide  hi  dry  flue  gases  by 
volume  ....... 

Average  carbon  monoxide  in  dry  flue  gases  by 
volume  ....... 

Lbs.  of  dry  flue  gas  per  lb.  of  carbon 
Heat  loss  due  to  escaphig  dry  flue  gas  . 

Heat  loss  due  to  moisture  escaphig  with  flue  gas 


Rosedalo. 

!  Cardiff. 

i 

1  Twin  City. 

Canmore. 

Pembina. 

1 

1 

1 

1 

1 

1 

12 

12 

12 

12 

12 

hours. 

15-3 

21-2 

15-9 

2-9 

17-0 

per  cent. 

45  0 

391 

40-8 

71-7 

43-8 

321 

321 

29-8 

131 

29-5 

7-6 

7-6 

13-5 

12-3 

9-7 

9600 

8570 

8530 

12920 

8980 

B.T.U.  'i 

1 

470 

473 

465 

295 

434 

lbs. 

20-2 

20-3 

20-0 

12-7 

18-6 

>5 

2554 

2404 

2427 

2377 

2456 

J) 

3-77 

3-55 

3-59 

3-51 

3-63 

108 

108 

107 

105 

109 

99  ! 

38-5 

35-5 

35 

37 

37-5 

Fahr.  ! 

0-9 

0-8 

0-8 

0'8 

1 

percent.  ^ 

0-21 

0-20 

0-21 

0-32 

0-21 

inches,  j 

0-57 

0-46 

0-63 

0-68 

0-63 

99  1 

730 

670 

690 

630 

645 

Fahr.  [ 

8*5 

10-2 

9-0 

7-5  I 

7-7 

per  cent. 

0-4 

0-7 

0-2 

0-05 

0-4  ' 

1 

28-0 

22-9 

27-1 

32-8 

30  6 

lbs.  1 

25-5 

18-9 

32-7 

24-0  j 

24-7 

per  cent. 

6-9 

8-2 

7-3 

3-6  ' 

7-4 

99 
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TABLE  No.  11 — continued 


Fuels. 

O 

Cw 

0) 

02 

O 

Cardiff. 

Twin  City. 

Canmore. 

Pembina. 

Refuse  removed  from  grate  and  ashpit — 

Total  refuse  removed,  percentage  of  fuel  as 
fired  ....... 

7-8 

8-5 

9-2 

15  0 

9-6 

per  cent. 

Combustible  in  refuse  removed 

14-8 

14-9 

18-9 

27-7 

161 

Combustible  in  refuse,  percentage  of  com¬ 
bustible  in  fuel  as  fired  .... 

15 

1-8 

2-5 

4-9 

21 

>> 

Economic  Results — 

Equivalent  water  evaporated  from  and  at  212 
deg.  Fahr.  per  lb.  of  fuel  as  fired 

5-43 

5-08 

5-22 

8-05 

5-67 

lbs. 

Equivalent  water  evaporated  from  and  at  212 
deg.  Fahr.  per  lb.  of  dry  fuel 

6-41 

6-45 

6-21 

8-29 

6-83 

Equivalent  water  evaporated  from  and  at  212 
deg.  Fahr.  per  lb.  of  combustible  con¬ 
sumed  ....... 

7-17 

7-28 

7-73 

1003 

7-94 

Fuel  Efficiency — 

Heat  utilised  in  steam  raising,  per  cent,  of  total 
heat  energy  in  fuel  fired  .... 

54-9 

59-5 

59-4 

60-4 

61-2 

per  cent. 

Heat  utilised  in  steam  raising,  per  cent,  of  total 
heat  energy  in  combustible  consumed 

55-9 

58-6 

62-2 

63-9 

62-8 

Calorific  values  of  fuel  used  in  tests — 

Gross  calorific  value,  B.T.U.  per  lb.  as  fired 

9600 

8570 

8530 

12920 

8980 

B.T.U.’s. 

Net  calorific  value,  B.T.U.  per  lb.  as  fired 

9070 

7990 

8020 

12.520 

8440 

Boiler  and  furnace  efficiency  based  upon  gross 
calorific  value  per  cent.  .... 

54-9 

57-5 

59-4 

60-4 

61-2 

per  cent. 

Boiler  and  furnace  efficiency  based  upon  net 
calorific  value  per  cent.  .... 

i 

58-1 

61-7 

63-2 

62-3 

65  1 

”  1 

The  conclusions  arrived  at  as  the  result  of  these  trials  with  lignites  were  (1)  that 
the  rooisture  content  ^  of  the  fuels  up  to  30  per  cent,  does  not  materially  affect  the 
boiler  efficiency ;  (2)  that  the  carbon  hydrogen  ratio  exercises  the  greater  influence 
in  this  direction  ;  (3)  that  the  lower  rate  of  consumption  per  sq.  ft.  of  grate  surface 
with  the  more  suitable  type  of  firebar  in  these  trials  improved  the  efficiency  shown  ; 
(4)  that  fuels  of  this  class  require  a  specially  large  combustion  chamber,  and 
brick  ignition  arch  so  arranged  as  to  burn  the  large  percentage  of  volatile  matter 
contained. 

Such  experimental  work  as  has  already  been  done  in  Canada  in  the  carbonisation 
and  briquetting  of  lignite  has  clearly  shown  that,  given  an  efficient  and  economical 
system  of  carbonisation,  there  is  every  promise  of  producing  a  domestic  fuel  which 
is  likely  to  be  in  every  respect  qffite  satisfactory. 

Fig.  6  is  a  “  Flow  Sheet  ”  illustrating  the  proposed  general  lay-out  of  a  carbonis¬ 
ing  and  briquetting  plant  as  projected  by  the  Lignite  Utilisation  Board  of  Canada. 

The  drop  in  efficiency,  when  burning  hgnites  having  more  than  30  per  cent,  of  moisture  content, 
suggests  the  importance  of  prehminary  drying,  or  the  use  of  pre-heat ed  air  for  combustion,  or  both. 
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A  combined  carbonising  and 
briquetting  plant  of  sufficient 
capacity  to  test  the  whole  pro¬ 
cess  upon  a  commercial  and 
practical  scale  has  been  erected 
at  Bienfait,  Saskatchewan.  It 
is  anticipated  when  this  plant 
has  been  thoroughly  tested  and 
the  commercial  possibilities  have 
been  demonstrated,  that  the 
Canadian  CTOvernment  will  then 
leave  the  future  development  of 
lignite  to  private  enterprise. 

In  a  paper  read  by  Mr  Leslie 
R.  Thomson,  Secretary  of  the 
Lignite  Utihsation  Board  of 
Canada,  before  the  Montreal 
Branch  of  the  Society  of  Chemi¬ 
cal  Industry,  the  position  was 
thus  summarised  : — 

“  (1)  It  is  possible  to  make 
a  first  quality  com¬ 
mercial  fuel  briquette 
from  carbonised  hg- 
nite,  using  any  one 
of  such  binders  as 
coal-tar  pitch,  petro¬ 
leum  pitch,  hard- wood 
tar  pitch,  sulphite 
hquor  pitch,  or  com¬ 
binations  of  them. 

“  (2)  The  quantity  of  binder 
required  is  much  in 
excess  of  that  neces¬ 
sary  to  make  a  corre¬ 
spondingly  good 
briquette  from  an¬ 
thracite  fines. 

“  (3)  A  waterproof  bri¬ 
quette  of  carbonised 
lignite  cannot  be 
made  using  sulphite 
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pitch,  as  a  single  binder,  unless  the  bihjuettes  are  heat-treated 
subsequently. 

“  (I)  The  choice  of  binder  does  not  rest  so  much  with  the  technical  difficndties 
involved  in  its  use,  but  vith  the  economic  supply  of  that  particular- 
binder.  In  other  words,  the  Lignite  Board  has  succeeded  in  making 
good  briquettes  with  many  binders. 

“  (5)  The  Board  has  decided  to  use  as  a  binder  coal-tar  pitch  for  the  ]neliminai-y 
period  of  operation,  in  the  proportion  of  13  parts  by  weight  to  evei-y 
100  parts  of  carbonised  lignite.” 

The  proposed  price  of  carbonised  lignite  briquettes  at  Winnipeg  (the  limit  of 
Eastern  distribution)  was  $17-50  per  short  ton  (2000  lbs.),  as  against  $20  for 


United  States  anthracite.  The  briquettes  have  a  calorific  value  of  10/1  Iths 
of  that  of  United  States  anthracite,  in  addition  to  which  it  was  claimed  that  they 
possessed  better  burning  quahties,  and  that  they  do  not  clinker. 

Carbonisation  at  about  600°C.  yielded  a  residue  ha  ving  the  highest  B.T.U.  content. 

The  following  analysis  gives  the  composition  of  a  straight  coal-tar  pitch 
briquette  : — 


Fixed  carbon 
Volatile  matter 
Moisture 
Ash 


59-8  per  cent. 
19.4  „ 

4-3  ,, 

16-5  „ 


B.T.U.’s 


100-00 

11,280 
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The  production  of  lignite  in  Canada  in  1921  reached  3,217,000  tons,  while  the 
importation  of  United  States  coal  to  Central  Canada  was  18,102,620  short  tons. 

United  States. — The  principal  regions  in  the  United  States  in  which  hgnite  is 
foimd  are  shown  in  Fig.  7.  The  total  resources  of  lignite,  brown  coal,  and  sub- 
bituminous  coal  are  given  as  1,863,542  million  tons,  or  nearly  one-third  of  the  total 
coal  resources.  The  estimated  tonnage  of  hgnite  is  given  as  1,051,290  million  tons. 

The  principal  deposits  are  in  North  and  South  Dakota,  and  Montana,  with 
smaller  deposits  in  Texas,  Alaska,  and  in  Western  and  Southern  States. 

The  moisture  content  generally  appears  to  vary  from  20  per  cent,  to  40  per  cent., 
and  while  the  opinion  has  been  prevalent  that  these  high  moisture  fuels  cannot  be 
efficiently  utiUsed  for  the  generation  of  steam,  a  considerable  quantity  is  now  being 
used  for  this  purpose,  although  there  is  no  doidit  that  the  average  thermal  efficiency 
obtained  ■will  be  low. 

The  following  Table,  No.  12,  gives  proximate  and  ultimate  analyses  of  Texas, 
North  Dakota,  Arkansas  and  Alaska  lignites : — 

TABLE  No.  12 


Texas  Lignites 


Pkoxivate 

Analyses. 

Ultimate  Analyses. 

Moisture. 

Volatile 

matter. 

Fixed 

carbon. 

Ash. 

Sulphur. 

Hydrogen. 

Carbon. 

Nitrogen. 

O.xygen. 

B.T.U.’s. 

Wooter’s  ]\Iine, 
Houston  County 

34-70  33-23 

21-87 

11-20 

-79 

6-93 

39-25 

-72 

41-11 

7056 

Olsen  Mine, 

JMilain  County 

31-06  27-67 

33-89 

7-88 

-99 

6-53 

44-70 

-90 

39-00 

7870 

Hoyt  Mine, 

Wood  County 

33-71  29-25 

29-76 

7-28 

-53 

6-79 

42-52 

-79 

42-09 

7348 

North  Dakota  and  Arkansas  Lignites 


Peoximatb 

Analyses. 

1 

J  Ultimate  Analyses. 

Moisture. 

Volatile 

content. 

Fixed 

carbon. 

< 

Sulphur. 

Hydrogen. 

Carbon. 

Nitrogen. 

j 

Oxygen. 

B.T.U. 

North  Dakota 

Wilton 

35-96  31-92 

24-37 

7-75 

1-15 

6-54 

41-43 

1-21 

41-92 

7069 

Lehigh 

32-64  29-19 

26-75 

11-42 

3-54 

6-15 

39-53 

-49 

38-87 

6970 

Williston  . 

38-92  25-54 

30-15 

5-39 

-48 

6-89 

39-34 

-68 

47-22 

6739 

Arkansas 

Lester  Mine 

39-43  26-49 

24-37 

9-71 

-49 

6-98 

36-33 

-68 

45-81 

6356 

(Ovachita) 
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TABLE  No.  12 — continued 
Alaska  Lignites  ^ 


Moisture. 

Volatile 

matter. 

Fixed 

earhon. 

Ash. 

Sulphur. 

Port  Graham,  1  sample  ..... 

16-87 

37-48 

39-12 

6 -.53 

-39 

South-Eastern  Alaska,  average  5  samples 

1-97 

.37-84 

35-18 

24-23 

-57 

Wainwright  Inlet,  1  sample  .... 

10-65 

42-99 

42-94 

3-42 

-62 

Colville  River,  1  sample  .... 

11-50 

30 -.33 

.30-27 

27-90 

-50 

Upper  Yukon  (Canadian),  average  13  analyses  . 

13-08 

39-88 

39-28 

7-72 

1-26 

Upper  Yukon  (Circle  Province),  average  3 

analyses  ....... 

10-45 

41-81 

40-49 

7-27 

1-30 

Upper  Yukon  (Rampart),  average  6  analyses  . 

11-42 

41-15 

.36-95 

10-48 

-.33 

Seward  Peninsula,  1  sample  .... 

24-92 

38-15 

33-58 

3-35 

-68 

Chitistone  River,  1  sample  .... 

1-65 

51-50 

40-75 

6-10 

Kachemak  Bay,  average  6  analyses 

19-85 

40-48 

30-99 

8-68 

-35 

Nenana  River,  1  sample  .... 

13-02 

48-81 

32-40 

5-77 

-16 

Kodiak  Island,  1  sample  .... 

12-31 

51-48 

33-80 

2-41 

-17 

Unga  Island,  average  2  analyses 

10-92 

.53-36 

28-25 

7-47 

1  -36 

Tyonek,  average  4  analyses  .... 

8-35 

54-20 

30-92 

6-53 

-38 

Chistochina  River,  1  sample  .... 

15-91 

60-35 

19-46 

4-28 

In  spite  of  the  fact  that  lignite  is  only  used  to  a  very  limited  extent  in  the 
United  States,  and  in  districts  very  remote  from  the  ordinary  coal-fields,  nuich 
experimental  work  has  been  carried  out,  not  only  in  the  burning  of  raw  lignite  for 
steam  generation,  but  also  in  carbonisation  and  bricpietting. 

Generally  it  may  be  observed  that  carbonisation  is  favoured,  as  a  means 
of  providing  not  only  a  much  more  valuable  fuel,  but  also  in  recovering  valuable 
by-products.  It  is,  however,  becoming  increasingly  evident  that  the  efficiency  of  the 
carbonisation  process  will  be  much  improved  by  preliminary  drying  of  the  fuel. 

In  Technical  Paper  No.  178,  entitled  “  Notes  on  Lignite,  its  Characteristics  and 
Utilisation,”  ^  Mr  S.  M.  Darhng  refers  thus  to  the  use  of  lignite  : — 

“  Because  of  the  inherent  shortcomings  as  fuel  in  the  raw  lignite  itself,  one 
can  safely  say  that  it  will  never  be  much  used  in  its  natural  state.  The  one  fact 
of  containing  30  per  cent,  water  would  of  itself  prevent  use  elsewhere  than  in  the 
immediate  vicinity  of  the  mine.  Therefore  the  treatment  or  carbonisation  of  the 
hgnite,  which  is  absolutely  essential  to  its  more  general  use,  is  strictly  in  accordance 
Avith  modern  scientific  research.  We  are  simply  of  necessity  starting  now  to  do 
AAuth  hgnite  Avhat  will  be  done  eventually  Avith  all  our  high  Amlatile  coals.  Instead 
of  trjdng  to  burn  raAv  lignite  in  the  primitive  and  wasteful  Avays  noAv  employed, 
the  hgnite  should  be  so  treated  as  to  yield  several  products,  each  pecuharly  adapted 
to  a  particular  need,  as  folloAvs  ; — 

“  (1)  Dried  hgnite  for  use  on  automatic  stokers. 

“  (2)  Powdered  hgnite  from  the  dried  pulverised  hgnite,  for  use  in  cement 
kilns,  imder  locomotive  boilers,  and  in  other  large  furnaces. 

^  Compiled  from  Reports  of  the  Rnited  States  Geological  Survey. 

^  Technical  Paper  178,  “  Notes  on  Lignite,  its  Characteristics  and  Utilisation,”  by  8.  M.  Darling, 
Department  of  the  Interior,  Bureau  of  Mines,  1919. 
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“  Pulverised  lignite  can  also  be  used  in  fuel  oil  burners  in  conjunction 
with  fuel  oil.  An  oil  mixture  ^  containing  30  per  cent,  of  dried  and 
finely  pulverised  lignite  vull  still  act  as  a  fluid,  and  can  be  burned  as  a 
liquid  fuel. 

“  (3)  Dried  lignite  briquettes  for  large  hand-fired  industrial  furnaces  and 
heating  plants. 

“  (4)  Carbonised  lignite,  for  use  in  suction  gas  producers.  Tests  of  carbonised 
hgnite  in  car  load  lots  have  shovui  it  to  be  an  unexcelled  fuel  for  such 
producers. 

“  (5)  Carbonised  hgnite  briquettes  for  domestic  service,  an  ideal  domestic  fuel. 

The  carbonising  of  lignite  will  place  the  hgnite -bearing  regions 
substantially  on  a  par  as  regards  fuel  and  power  with  those  parts  of  the 
country  that  are  favoured  with  bitununous  coal.  It  will  give  a  better 
domestic  fuel  in  the  way  of  carbonised  hgnite  briquettes,  a  better  gas 
producer  fuel  in  the  form  of  carbonised  hgnite,  enormous  quantities  of 
gas,  to  be  used  to  fuel  or  power  purposes,  a  large  tonnage  of  fertihser 
in  the  form  of  sulphate  of  ammonia,  and  a  great  amoimt  of  oils  and  tars. 

“  Indeed  the  products  resulting  from  the  carbonisation  of  hgnite 
are  so  numerous  and  varied  that  it  is  difficult  to  imagine  a  community 
wLich  could  not  use  all  of  such  products,  or  whose  needs  the  products 
could  not  be  so  varied  as  to  fit.” 

It  will  be  observed  that  Mr  Darhng,  wLo  has  made  a  close  study  of  the 
utihsation  of  hgnite,  insists  upon  the  importance  of  carbonisation.  While  this 
\iew  is  shared  by  many  other  authorities  and  can  scarcely  be  disputed,  the  following 
comparative  data  (Table  No.  13)  will  be  of  interest  as  very  strikingly  showing  the 
improved  calorific  value  of  carbonised  and  briquetted  hgnite  as  compared  with  raw 
hgnite  : — 

TABLE  No.  13 


Improvement  in  the  Hea*  Value  of  United  States  Lignites,  as  the 

Result  of  Briquetting 

^[oiSTURE.  HE.iT  Value  per  Pound. 


Source. 

Field  Designation 

In  Raw 
Lignite. 

In  Bri¬ 
quettes. 

Removed. 

Raw  Lignite  Briquettes 
B.T.U.’s.  B.T.U.’s. 

Increase. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

Texas 

Pittsburg  No. 

8 

33 

9 

24 

6840 

9336 

36-5 

North  Dakota 

'5  5  5  5 

11 

40 

12 

28 

6241 

9354 

50-0 

55  j? 

5^  55 

13 

42 

10 

32 

6079 

9355 

54-0 

California 

5  5  5  5 

14 

40 

10 

30 

6080 

9264 

52-4 

The  following  comparative  figures  of  analyses,^  while  being  incomplete,  serve  to 
demonstrate  the  value  of  briquetting,  wLile  at  the  same  time  showing  how  closely 

^  Known  a.s  colloidal  fuel. 

^  “  Economic  Methods  of  Utilising  Western  Lignite,”  by  E.  J.  Babcock.  Bulletin  89,  U.S. 
Bureau  of  Mines. 
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United  States  briquetted  bgnite  from  the  Western  States  approaches  Pennsylvania 


anthracite  in  its  fuel  value. 

Moisture. 

Volatile 

matter. 

Fi.\ed 

Carbon. 

A.sli. 

Heating 

Value. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

B.T.U.’s. 

Lignite  as  mined  . 

35-01 

25-11 

34-67 

5-21 

7,000  to 
8,000 

Lignite  briquettes  carbonised 

0  to  6 

2  to  8 

72  to  82 

10  to  16 

1 1,-500  to 
12,000 

Anthracite  .... 

1  to  5 

2  to  6 

78  to  92 

10  to  15 

12,000  to 
13,500 

In  a  paper  read  before  the  International  Railway  Fuel  Association  ^  in  May  1920 
by  Mr  S.  M.  Darhng,  whose  work  has  already  been  referred  to,  the  following  Table, 
No.  14,  was  included  showing  the  products  obtained  in  the  carbonivsation  of  lignite  : — 

TABLE  No.  14 


Products  of  Carbonisation  of  Lignite 


Gas  per  ton  of  lignite 

.  cubic  feet 

10,000 

Oil  and  tar 

gallons 

15 

Ammoniacal  residue  . 

•  •  ?? 

65 

Carbon  ,, 

pounds 

9.55 

Lignite  Gas  v.  Coal  Gas 

Lignite  (las. 

Coal  Gas. 

Carbon  dioxide 

15-9 

1-34 

Illuminants 

3-5 

4-42 

Oxygen  . 

0-2 

0-03 

Carbon  monoxide 

19-5 

6-75 

Methane  . 

16-1 

34-60 

Hydrogen 

43-9 

59-19 

Nitrogen  . 

0-9 

2-67 

Candle  power  . 

3-2 

16-00 

B.T.U.’s  per  cubic  feet 

440 

630 

The  figures  given  in  this  table  by  Mr  Darling  may  with  interest  be  compared 
with  the  following  average  results  of  a  number  of  tests  with  lignites  from  North 
Dakota,  Montana,  Colorado,  and  Texas,  given  by  Mr  E.  J.  Babcock  in  “  Economic 
Methods  of  Utihsing  Western  Lignites  ”  : — Average  yield  per  ton  of  dried  lignite 
unpurified  gas,  11,038  cub.  ft.  ;  average  calorific  value,  396  B.T.U.  ;  retort 
temperature  average,  1498°  F. ;  residue  after  gas  driven  off  per  ton  average,  1092  lbs.  ; 
proportional  amount  of  residue  to  total,  54  per  cent. 

^  “  The  Better  Utilisation  of  Sub-Bituminous  and  Lignite  Coals,”  by  S.  Jl.  Darling,  Fuel 
Engineer,  United  States  Bureau  of  Mines. 
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South  Australia. — ^During  tlie  past  forty  years  it  has  from  time  to  time  been 
reported  that  coal  has  been  discovered,  bnt  in  every  instance  investigation  has 
sho^vn  the  discovery  to  be  tertiary  hgnite. 

In  1914  a  considerable  deposit  was  located  at  Paradise,  Highbury,  near 
Adelaide,  at  a  depth  of  from  156  to  176  feet.  An  analysis  by  Mr  W.  S.  Chapman, 
Analyst  to  the  Department  of  Mines,  gave  the  following  result : — ■ 


Moisture  at  105°  C. 

Hydrogen 

Carbon 

Nitrogen 

Oxygen 

Sulphur 

Ash  . 


17-10  per  cent. 
3-74 
48-28 
0-30 

16-22  „ 
2-24 
12-12 


100-00  per  cent. 
Calorific  value  =8184  B.T.U.’s 


The  author  inspected  a  similar  deposit  in  the  same  district  in  1920,  samples 
then  taken  gave  results  substantially  in  agreement  with  the  above. 

At  Leigh  Creek,  373  miles  from  Adelaide,  there  is  a  large  deposit,  covering  an 
area  of  some  42  square  miles.  In  1917  about  700  tons  were  raised  in  order  to 
carry  out  exhaustive  tests. 

Analyses  of  samples  from  this  area  gave  the  follomng  results  : — 


Moisture  at  105°  C.  . 
V olatile  matter 
Fixed  carbon  . 

Ash  .  .  . 

Sulphur  . 


Undried. 

Per  cent. 

21-81-31-55 

21-39-33-06 

28-63-39-46 

4-79-23-86 


Air  Dried. 
Per  cent. 

11-32-18-22 
23-26-31-97 
35-69-46-90 
5-20-25-04 
0-10-  0-66 


The  variation  in  the  percentage  composition  of  the  fuel  as  mined,  in  successive 
samples  taken  from  the  roof  to  the  floor,  is  showm  in  the  diagram  Fig.  8. 

In  1918  a  seam  of  28  feet  in  thickness  was  located  at  a  depth  of  418  feet  at 
Bower,  85  miles  from  Adelaide,  on  the  Adelaide  Morgan  Railway.  A  bomb 
calorimeter  test  of  an  air  dried  sample  showed  a  calorific  value  of  8652  B.T.U.’s 
per  pound.  Other  samples  tested  showed  a  very  high  sulphur  and  ash  content. 

The  Leigh  Creek  field  appears  to  be  the  most  promising  of  all  the  deposits  so 
far  investigated. 

At  the  Broken  Hill  Works  of  The  Associated  Smelters  Company  in  1919  a  test 
of  Leigh  Creek  hgnite  ■with  a  Stirhng  boiler  showed  an  evaporation  of  4-017  pounds 
of  Avater  per  pound  of  fuel  burned,  from  and  at  212°  F.  This  test,  which  was  made 
vdth  a  furnace  designed  for  burning  bituminous  coal,  showed  that  given  a  suitable 
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furnace  there  would  be  no  difficulty  in  obtaining  an  evaporation  of  o  ])ounds  of 
water  per  pound  of  lignite  burned,  as  compared  with  an  evaporation  of  8  ])ounds 
of  water  per  pound  of  bituminous  coal. 

A  distillation  test  of  Leigh  Creek  lignite  gave  a  gas  yield  of  51  in  crd)ic  feet  >■ 


DISTANCE  FROM  ROOF. IN  FEET 


Fig.  8. — Diagram  showing  Variation  in  Composition  of  Leigh  Creek  (SorTii  Australia) 

Lignite. 


346  B.T.C.  gas  per  ton  of  coal  carbonised,  the  yield  of  tar  was  only  1  per  cent,  as 
against  a  yield  of  6  per  cent,  from  Newcastle,  N.S.W.,  coal.  The  residual  was  very 
friable,  but  had  a  fixed  carbon  content  of  56  per  cent. 

In  1919  this  hgnite  was  given  a  practical  trial  in  the  firing  of  a  large  rotary 


46  UTILISATION  OF  LOW  GRADE  AND  WASTE  FUELS 


kiln  at  tlie  works  of  The  Adelaide  Portland  Cement  Co.,  Ltd.,  at  Birkenhead. 
Unfortunately  the  existing  dryer,  which  Avas  only  suitable  for  removing  about  3  per 
cent,  of  moisture  from  Newcastle,  N.S.W.,  coal  could  only  reduce  the  moisture  in 
the  hgnite  to  about  19  per  cent. 

Nevertheless  the  ignition  and  combustion  were  satisfactory,  and  although 
difficulties  were  experienced  in  operation,  it  AA^as  shoAvn  that  from  2  to  2-25  tons  of 
hgnite  were  equivalent  to  one  ton  of  NeAvcastle  coal. 

Keahsing  the  importance  of  developing  the  fuel  resources  of  the  State,  in  1920 
the  South  Austrahan  Government  decided  to  allocate  a  sum  of  £5000  for  experimental 
Avork  AUth  pulverised  Leigh  Creek  hgnite,  as  also  to  experiment  Anth  other  deposits. 
Since  this  grant  AA^as  made  some  very  extensive  deposits  have  been  located  near  the 
Eiver  Murray. 

In  common  AAuth  most  hgnites.  South  Austrahan  hgnite  disintegrates  very 
rapidly.  The  moisture  generally  seems  to  vary  from  about  20  per  cent,  to  33  per 
cent.,  but  this  can  be  reduced  by  air  drying  to  about  15  per  cent.  The  ash  A^aries 
from  5  per  cent,  to  about  24  per  cent. 

It  is  necessary  to  bear  in  mind  that  all  trials  hitheido  conducted  in  South 
Australia  have  not  been  made  under  conditions  or  Avith  apparatus  most  suitable 
for  the  efficient  burning  of  this  fuel.  In  every  case  the  plant  used  was  that  designed 
for  the  burning  of  bituminous  coal. 

During  last  year  some  evaporative  tests  Avith  pulverised  South  Austrahan 
hgnite  Avere  made  in  London  ;  the  results  then  obtained  were  remarkably  satisfactory. 

To  the  State  of  South  Austraha  the  successful  economic  development  of  the 
existing  fuel  resources  is  of  the  utmost  importance,  and  there  is  httle  doubt  that 
AA’ithin  the  next  feAv  years  a  great  advance  aaIII  be  made. 

Victoria,  Australia. — The  hgnite  and  broAvm  coal  deposits  in  Victoria  are  very 
considerable,  and  during  the  past  feAV  years  there  has  been  much  activity  in 
experimental  AA’ork  A\dth  a  AdeAv  to  impoidant  developments  upon  a  large  scale. 

FolloAAdng  an  exhaustive  and  valuable  ■  report  ^  by  an  AdAUSory  Committee, 
appointed  by  the  Government  and  presented  in  1917,  and  a  subsequent  report  by 
the  Electricity  Commissioners  presented  to  Parhament  in  1919,  it  was  decided  to 
proceed  AAnth  a  A^ery  comprehensive  and  important  scheme  for  the  utihsation  of 
extensive  deposits  of  broAvm  coal  at  MorAvell,  Gippsland,  some  90  miles  from 
Melbourne. 

Taking  six  typical  deposits  of  Victorian  broAAm  coal,  including  MorAvell,  the 
comparatiA^e  proximate  analyses  are  as  follows  : — 


Morwell.^ 

Altona.® 

Gellion- 

dale.’^ 

Lai  Lai. 

Dean's 

Marsh. 

Xarra- 

can.^ 

^loisture  .... 

53-00 

46-80 

59-60 

56-78 

46-86 

41-36 

Volatile  hydrocarbons 

24-00 

27-60 

21-50 

21-61 

26-65 

27-13 

Fixed  carbon 

21-8 

20-50 

17-30 

20-03 

30-73 

22-36 

Ash . 

1-2 

5-10 

1-60 

1-58 

2-56 

8-25 

^  Report  of  the  Advisory  Comraittee  on  Brown  Coal,  State  of  Victoria,  September  1917. 
2  =bore  coal.  ^  —partly  air  dried. 
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Ultimate  analyses  of  Morwell  and  Altona  samples  made  at  the  (Geological  Survey 
Laboratory  gave  the  following  results  : — 


Morwell. 

Altona. 

Carbon 

66-5  per  cent. 

61-59  per  cent 

Hydrogen 

4-4 

•  -XT  5, 

4-17  „ 

Oxygen 

25-5  ,,  (approx.) 

25-00  „ 

Nitrogen 

.  0-8  „ 

0-64  „ 

Sulphur 

.  0-3  „ 

0-94  „ 

Ash 

.  2-5  „ 

o 

00 

Various  samples  of  brown  coal  from  the  Morwell  open  cut  showed  the  following 


calorific  values,  as  determined  by  the  Mahler 

bomb  calorimeter  : — 

(n)^  (6)"  ((>)' 

(h)^ 

(6)-^ 

Moisture  at  105°  C.  per  cent.  . 

35-0 

44-0  45-3 

46-0 

45-4 

B.T.U.’s  per  lb.  of  coal 

7518 

6756  6857 

6136 

6233 

In  addition  to  the  enormous  brown  coal  deposits  at  Morwell,  there  are  other 
important  deposits  at  Altona,  Laverton,  Gelliondale,  and  Hedley,  Thompson’s 
Bridge  and  Lai  Lai.  At  Altona  is  a  seam  70  ft.  thick,  and  at  Laverton,  2  miles 
distant,  the  seam  is  140  ft.  thick,  where  it  is  estimated  that  the  available  coal  is 
about  108  million  tons. 

Between  Gelliondale  and  Hedley  is  a  seam  varying  from  120  to  193  ft.  in 
thickness,  with  an  overburden  of  from  30  to  45  ft.  This  field  is  estimated  to  contain 
about  250  million  tons,  all  obtainable  by  open  cut  operation,  as  illustrated  in 
Figs.  9,  10  and  11. 

At  Thompson’s  Bridge,  about  5  miles  west  of  the  great  Morwell  open  cut,  is  a 
seam  averaging  about  50  ft.  in  thickness,  with  an  overburden  of  from  50  to  60  ft. 
Here  the  estimated  quantity  of  coal  is  about  80  million  tons. 

Westward  of  the  great  Morwell  open  cut,  and  quite  close  to  the  Morwell  Power 
House  site,  is  one  seam  averaging  about  100  ft.  in  thickness,  with  an  overburden 
of  40  ft.  The  anticipated  open  cut  yield  here  is  about  42  million  tons. 

Beyond  this  block,  which  has  an  area  of  about  half  a  square  mile,  are  several 
square  miles  of  coal-bearing  country,  with  an  overburden  increasing  gradually  to 
100  ft.  It  is  estimated  that  this  district  would  produce  about  100  million  tons. 

At  Lai  Lai,  some  13  miles  from  Ballarat,  brown  coal  was  first  mined  fifty 
years  since,  and  its  production  still  continues  at  the  Lai  Lai  mine  of  the  Central 
Victorian  Iron  and  Coal  Company.  No  definite  information  is  available  as  to 
the  quality,  thickness  or  extent,  but  there  appears  to  be  little  doubt  that 
considerable  deposits  are  available. 

Considerable  quantities  of  Lai  Lai  brown  coal  are  now  being  used  in  Melbourne 
in  pulverised  form  for  the  firing  of  steam  boilers. 

The  Morwell  open  cut,  hitherto  operated  by  the  Victorian  Government  Mines 

^  =Tested  in  Geological  Survey  Laboratory.  -  =Tested  in  Kailway  Department  Laboratory. 
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Department,  and  illustrated  in  Figs.  9,  10 
and  11,  was  visited  by  the  author  in  1920 
and  1921.  It  is  a  remarkable  and  most 
interesting  example  of  open  cut  or  quarry 
mining.  The  output  in  1920  varied  from 
500  to  1000  tons  daily,  which  was  mostly 
sent  by  railway  to  IMelbourne,  where  it  was 
used  mainly  for  industrial  purposes. 

Fig.  9  is  a  general  view  of  the  open 
cut,  while  in  Figs.  10  and  11  are  shown 
respectively  operation  at  the  coal  face, 
and  also  the  portable  railway  to  the  face 
Avhich  is  arranged  above  the  railway  loading 
sidings. 

In  the  Report  of  the  Advisory  Com¬ 
mittee  on  Brown  Coal,  State  of  Victoria, 
1917,  already  referred  to,  the  brown  coal 
was  thus  described : — “  The  brown  coal 
from  these  several  localities  is  a  matrix 
of  earthy  brown  coal  with  sporadic  in¬ 
clusions  of  lignite,’^  i.e.  fragments  and  even 
trunks  of  trees  retaining  their  woody 
structure.  The  matrix  consists  of  pollen 
grains,  spore  cases,  and  decomposed 
vegetable  matter.  The  coal  A^aries  in 
colour  between  a  yelloAvish  brown  and 
black,  but  it  ahvays  pulverises  to  a  brown 
powder.  The  moisture  of  freshly  mined 
coal  generally  exceeds  50  per  cent.,  but 
much  of  this  is  lost  on  exposure,  par¬ 
ticularly  in  warm  weather,  when  a  few 
AAueks  of  air  drying  Avmuld  appreciably 
reduce  the  moisture  content.  On  con¬ 
tinuous  exposure  the  coal  shrinks  and 
disintegrates,  but  large  coal  from  some 
of  the  seams  (such  as  MorAA^ell  oj)en  cut) 
AAull  not  slack  seriously  for  several  months 
if  reasonably  sheltered  from  rain  and  ex¬ 
treme  heat.  Sulphur  is  present,  partly 


^  Samples  which  the  author  obtained  at  Morwell 
open  cut  eomjorised  both  brown  coal  and  hgnite,  the 
woody  character  of  the  latter  being  very  marked 
and  its  appearance  somewhat  resembling  Valdamo 
(Xorthem  Italy)  lignite. 


LIGNITE  AND  BROWN  COM 


■L) 


Fig.  10. — Morwell  “Open  Cut”  (Victoria,  Australia),  oper.4.ting  at  the  Coal  Face. 

(From  Photograph  by  the  Author.) 
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organic,  partly  secondary,  in  the  latter  case  as  iron  pyrites.  Nodules  and  veins 
of  mineral  resins  are  more  or  less  common,  but  not  in  high  percentages.” 

So  far  as  is  known  at  present  tlie  deposits  in  tlie  neighbourhood  of  Morwell 
are  of  such  thickness  as  are  without  parallel  in  any  other  country  in  the  world. 
One  bore  hole  showed  seven  beds  of  coal  within  1000  ft.  of  the  surface,  of  a  total 
thickness  of  781  ft. 

Fig.  12  is  a  map  of  the  State  of  Victoria  showing  the  location  of  the  brown 
coal  deposits  already  referred  to. 

The  following  steam  boiler  evaporative  tests  made  in  1909  and  1917  respec¬ 
tively  are  of  much  interest  as  showing  the  results  then  obtained  with  Morwell 
brown  coal  under  conditions  which  admittedly  were  not  the  most  favourable  : — 


TABLE  No.  15 

Morwell  Brovm  Coal  Tests  at  Newport  {Melbourne)  Railway  Workshops 


Type  of  boiler  ..... 

Heating  surface  ..... 

Furnace  ...... 

Furnace  area  at  fire  level 

Furnace  area  at  floor  level 

Babcock  &  Wilcox  "Water  Tube. 
2800  sq.  ft. 

Cotton. 

=21  sq.  ft. 

=  15-75  sq.  ft. 

No.  1.  No.  2.  No.  3. 

Date  of  test  ...... 

15/1/09 

18/1/09 

19/1/09 

Duration  of  test  in  hours 

8-66 

8-66 

8-66 

Steam  pressure  per  sq.  in. 

76 

74 

75 

Tetnperatures — 

Gases  leaving  boiler,  °C.  ... 

184 

165 

170 

Feed  water,  °C.  .  .  .  .  . 

91 

92 

91 

Fuel — 

Total  consumption,  lbs.  .... 

7830 

7927 

6842 

Average  consumption,  lbs.  per  hour 

904 

915 

789 

Feed  Water — • 

Total  evaporation,  lbs.  .... 

37,988 

37,423 

37,906 

Average  evaporation,  lbs.  per  hour  . 

Economic  Results — 

4,383 

4,320 

4,3/0 

Evaporation  per  lb.  of  fuel  as  fired  . 

Equivalent  evaporation  per  lb.  of  coal  from  and 

4-85 

4-72 

5-54 

at  100  °C . 

5-03 

4-89 

5-75 

Steam  percentage  used  for  draught  . 

4-44 

4-44 

4-44 

Moisture  percentage  in  steam  . 

1-25 

1-25 

1-25 

Moisture  percentage  in  coal 

34-20 

29-38 

22-52 

Calorific  value  of  fuel  as  fired  B.T.U. 

7557 

8097 

8839 

Net  efficiency  of  boiler  with  coal  as  fired  . 

61-4 

55-7 

60-0 

LIGNITE  AND  BROWN  COAL 


51 


TABLE  No.  IG 

Monvell  Brown  Coal  Tests  at  Melbourne  City  Council  Power  House 


Babcock  &  Wilcox  Water  Tube. 
3654  sq.  ft. 

12,600  lbs.  per  hour. 
Semi-producer  type,  external. 


Type  of  boiler  .  .  .  . 

Heating  surface  .... 
Normal  rating  .... 
Type  of  furnace  .... 
Grate  area  ..... 

Date  of  test  ..... 
Duration  of  test  in  hours 
Steam  pressure  per  sq.  in. 

Temperatures — 

Gas  leaving  boiler,  °C.  . 

Feed  water  ..... 
Steam,  °C.  . 

Pre-heated  air  supply,  ‘^C. 

F  uel — 

Total  consumption  in  lbs. 

Average  consumption  in  lbs.  per  hour 
Average  consumption  in  lbs.  per  sq. 
ft.  of  grate  per  hour 

Feed  Water — 

Total  evaporation  in  lbs. 

Average  evaporation  in  lbs.  per  hour 

Economic  Results — 

Evaporation  per  lb.  of  fuel  as  fired  . 
Evaporation  per  lb.  of  fuel  from  and 

at  100°  C . 

Moisture  percentage  in  coal 
Calorific  value  of  coal,  B.T.U. 
Efficiency  of  boiler  and  air  heater 
with  coal  as  fired 


49  sq.  ft. 


Xo.  1. 

Xo.  2. 

Xo.  3. 

Xo.  4. 

14/8/17 

15/8/17 

17/8/17 

20/8:17 

6-5 

6-0 

6-5 

6-0 

163 

163 

164 

160 

266 

261 

300 

288 

97 

97 

96 

100 

273 

271 

264 

260 

89 

87 

90 

83 

28,672 

20,832 

30,688 

25,760 

4,412 

3,472 

4,721 

4,293 

90 

70-9 

96-4 

87-6 

101,000 

72,300 

104,500 

92,700 

15,540 

20,050 

16,080 

15,450 

3-52 

3-47 

3-41 

3-60 

4-01 

3-95 

3-86 

4-04 

44-0 

45-3 

46-0 

45-4 

6,756 

6,857 

6,136 

6,233 

57-3 

55-6 

60-7 

62-6 

Monvell  Brown  Coal  (see  Table  17) 

Mines  Department,  Melbourne, 
Septeynber  'lUh,  1917. 

Tests  made  by  the  Chief  Mining  Inspector  at  the  Government  Timber  Seasoning 
Works,  Newport,^  with  the  Owen  type  of  firebar,  designed  to  burn  brown  coal 
in  the  ordinary  furnace  of  the  boiler. 

^  The  author  is  indebted  to  Mr  Merrin,  Chief  Inspector  of  i\Iines,  for  details  of  these  tests. 
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i 

1 

1 

i 

! 

Pounds  of 

fuel  per 

hour  per  sq. 

ft.  of  grate 

surface. 

1 

ro 

Water 

evaporated 

from  and  at 

212°  F.  per 

lb.  of  fuel 

mean. 

1 

i 

1 

(M  ^  ; 

Cf  -+  1 

CC  1 

Total 

coal 

used. 

lbs. 

CC  O  ^ 

r-  -t  c:  -t 

o  ir^ 

^ 

Total 

water 

evap¬ 

orated. 

lbs. 

19.220 

17,210 

17.350 

1 0,940 

Smoke 

observa¬ 

tions. 

No 

smoke  to 

light 

smoke 

Smoke 

black  to 

moderate 

Condi¬ 
tion  of 
fire. 

Good 

fine 

ash 

only 

Good 

ash  and 

clinker 

Peessubes. 

W.G. 

at  base 
of 

stack. 

0-28" 

0-24" 

0-26" 

0-21" 

Boiler 

pressure. 

1 

81 

84-5 

1 

75 

83-3 

Baro¬ 

meter. 

1 

.-H  c:  r-  ^  ! 

O  o  r-  cr.  1 

o  c:  ct  ct  ; 

CC  (M  <?!  i 

Temperatures. 

Flue 
gases. 
Deg.  F. 

O  ' 

(M  ^  ! 

00  c:  ! 

Tj'  CO 

Feed 
water. 
Deg.  F. 

^  ^  CO  o 

O  lO  o  o 

Stoke 
hole. 
Deg.  F. 

O  O  CO  1 

oi  cc  oi  CO  <r.  —  ^  ' 

wic  i 

P^  * 

1 

! 

Period 
of  test. 

^  -  i 

GO  oc  i>  oc 

Fuel. 

Brown  coal  (1) 

.>  „  (2) 

„  (3) 

Wonthaggi 
large  coal 
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The  object  of  the  tests  was  to  determine  the  efficiency  of  this  type  of  firebar 
in  its  relation  to  : — 

(а)  The  condition  of  the  fire,  and  the  combustion  of  brown  coal. 

(б)  The  quantity  of  brown  coal  consumed  per  sq.  ft.  of  grate  by  natural  draught. 

(c)  The  heat  value  for  steam  purposes  of  the  brown  coal  measured  relatively 

to  that  of  Wonthaggi  large  coal  (now  being  supplied  to  the  ])ublic). 

The  results  of  the  tests  under  the  foregoing  headings  were  briefly : — 

(a)  The  coal  did  not  pack  in  the  grate,  but  remained  open,  and  underwent 

vigorous  combustion. 

(b)  Using  the  same  grate  area,  and  with  natural  draught,  the  increased  (quantity 

of  brovm  coal  consumed  enabled  the  necessary  head  of  steam  to  be 
maintained  to  run  the  seasoning  plant. 

(c)  A  quantity  of  2-05  tons  of  brown  coal  was  found  to  be  equivalent  to  1  ton 

of  Wonthaggi  large  coal,  at  costs  in  Melbourne  of  brown  coal  (10s.  per 
ton)=20s.  6d.,  and  Wonthaggi  coal=23s.  8d. 

Particulars  of  Tests 

Class  of  boiler = Underfired  Multitubular,  length  14  ft.,  diameter  G  ft. 

Tubes =60  4-in.  diameter,  fire  grate  area  =24  scp  ft.,  heating  surface  =1057 
sq.  ft.,  maximum  working  pressure =100  lbs. 

Note. — The  brown  coal  was  burnt  on  Owen’s  firebars  and  the  Wonthaggi 
large  coal  on  ordinary  firebars. 

In  December  1918,  the  Victorian  Government  passed  an  important  Act  creating 
the  Electricity  Commissioners.  This  Act  was  followed  in  1919  by  the  passing  of 
the  Appropriation  Act,  providing  the  necessary  funds,  and  authorising  the  develop¬ 
ment  of  the  brown  coal  deposits  at  Morwell. 

A  large  power  station  is  now  in  course  of  erection  at  Yallourn,  Morwell,  which 
will  have  an  initial  capacity  of  62,500  k.w.,  the  steam  boilers,  12  in  number,  each 
having  a  normal  evaporative  capacity  of  70,000  pounds  of  water  per  hour,  will  be 
mechanically  fired  with  brown  coal.  It  is  anticipated  that  the  power  station,  for 
which  all  contracts  have  been  placed,  will  be  in  operation  early  in  1924. 

The  electric  energy  wall  be  transmitted  to  Melbourne,  a  distance  of  about 
90  miles,  at  132,000  volts,  and  supplied  in  bulk  at  20,000  volts  to  various  undertakers 
holding  electricity  orders,  and  also  to  large  consumers. 

It  is  anticipated  that  electric  energy  will  be  available  in  Melbourne  at  a  price 
which  could  only  be  equalled  if  imported  coal  wnre  delivered  at  the  generating  station 
at  about  15s.  per  ton.  In  July  1920  the  price  of  imported  New  South  Wales  slack 
on  the  wharf  at  Melbourne  was  about  26s.  9d.  per  ton. 

At  Morwell  it  is  expected  that  it  will  be  possible  to  place  browm  coal  in  the 
power  house  bunkers  at  a  cost  of  rather  less  than  3s.  per  ton. 

In  addition  to  the  supply  of  electric  energy  from  Morwnll,  a  complete  briquetting 
plant  is  being  installed  with  a  view  to  producing  standard  briquettes  for  domestic 
and  possibly  also  industrial  consumption. 
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The  price  of  large  house  coal  from  New  South  Wales  in  the  winter  of  1920  was 
about  35s.  per  ton  clehvered  on  the  wharf  at  Melbourne.  Brown  coal  briquettes 
can  be  produced  and  sold  at  a  very  much  lower  figure,  and  there  is  little  doubt  that 
a  considerable  and  increasing  demand  for  this  fuel  will  be  quickly  developed. 

The  Morwell  scheme  is  an  ambitious  one,  and  is  probably  by  far  the  most 
comprehensive  and  important  project  yet  launched  for  the  utihsation  of  high 
moisture  fuel. 

It  is  confidently  anticipated  that  this  enterprise  will  have  far-reaching  and 
beneficial  effects  in  the  promotion  of  industrial  expansion  in  Victoria,  which  State 

hitherto  would  appear  to  have  been 
hampered  in  industrial  development  by 
expensive  coal  and  irregular  supphes. 

While  the  Morwell  brown  coal  is  un¬ 
doubtedly  heavy  in  moisture  content,  the 
author  was  most  favourably  impressed  by 
the  facts  (1)  that  it  is  a  uniformly  clean 
fuel — the  percentage  of  ash  varying  from 
1  per  cent,  to  2  per  cent.  ;  (2)  that  con¬ 
siderable  quantities,  even  under  rmsatis- 
factory  conditions,  are  being  used  in  place 
of  bituminous  coal ;  and  (3)  the  facihty 
with  which  the  fuel  is  mined,  the  extra¬ 
ordinary  thickness  of  the  seams,  the  uni¬ 
form  quahty,  and  the  enormous  extent  of 
the  available  deposits. 

The  magnitude  of  the  hgnite  deposits 
is  graplucally  shown  in  Fig.  No.  13. 

Western  Australia. — Lignites  and  brown 
coal,  mostly  of  poor  quahty,  are  to  be 

_  _ _ found  in  various  parts  of  the  State,  but 

very  little  active  work  has  yet  been  done 

Fig.  13. — Magnitude  of  the  Victokian  in  connection  with  any  deposit. 

Brown  Coal  Deposits.  ,  .  ,  ,  „  , 

No  geological  surveys  have  so  far  been 

undertaken,  such  as  would  enable  any  estimate  to  be  made  as  to  the  area  or 

quantity  available. 

The  development  of  colhe  coal  has  been  so  satisfactory  as  to  render  unnecessary 
the  exploitation  of  other  and  lower  grade  fuels. 

A  sample  of  Ledger  (Western  Austrahan)  lignite  analysed  in  this  country  in 
1922  gave  the  following  result : — 


Fixed  carbon  . 

46-59  per  cent 

Volatile  matter 

.  31-20 

Moisture 

.  17-88 

Sulphur  .... 

.  0-27 

Ash  .... 

.  4-06 

“ -'.r: . Li: ^ ?; 'tT' ^ ^ **5-' 


I 


200 


LIGNITE  AND  BROWN  COAL 


o.> 


New  Zealand. — Large  deposits  of  lignite  and  brown  coal  are  available  in  the 
Dominion  of  New  Zealand,  and  while  these  are  now  being  extensively  worked  they 
must  in  the  near  future  become  of  much  more  importance.  It  is  estimated  that 
of  the  total  coal  reserves  of  New  Zealand  about  60  per  cent,  are  lignite  and  brown 
coal.  The  estimated  ^  proved  and  probable  reserves  are  as  follows  :  — 


Proved . 

Probable. 

^Millions 

Millions 

of  Tons. 

of  Tons. 

Brown  coal  . 

234-5 

728 

Lignite 

278-5 

839 

The  principal  producing  areas  are  : — 

Waikato. — Taupiri  Coal  Mines,  Ltd.,  Pukemiro  Colheries,  Ltd.,  and  the  Maipa 
Railwav  &  Collieries,  Ltd. 

Canterbury. — (Homebush)  Kaitangata  and  Nightcaps. 

The  approximate  total  output  of  these  fuels  to  December  31st,  1918  was  : 

Brown  coal  ......  14,480,157  tons. 

Lignite  .......  2,541,678  ,, 


17,021,835 

During  the  same  period  the  approximate  total  output  of  bituminous  and  semi- 
bituminous  coal  was  31,705,005  tons.  It  will  be  seen  from  the  following  proximate 
analyses,2  Table  No.  18,  that  generally  the  brown  coal  and  lignites  of  New  Zealand 
are  of  excellent  quality  : — 

TABLE  No.  18 


Desei'iption. 


Brown  coal 


55 


5  5 


Proximate  Analyses  of  New  Zealand  Broken  Coail  and  Liymtes 


Locality. 

Taupiri  ^  j 
Taupiri, 

extended  j 
Nightcaps,  j 
Southland  j 
Kaitangata 
Homebush,  | 
Canterbury  ) 


Evaporative 


Fixed 

carbon. 

Volatile 

matter. 

Moisture. 

Ash. 

Sulphur. 

Calorific 

value 

(calories). 

eflficieucy  as 
determined 

'jy 

calorimeter. 

43-73 

42-12 

11-72 

2-43 

0-32 

6129 

11-44 

41-20 

38-72 

17-56 

2-52 

0-28 

5737 

10-70 

38-00 

39-96 

18-22 

3-82 

0-40 

5553 

10-36 

31-83 

41-82 

23-15 

3-20 

0-41 

4953 

9-24 

Report  of  the  Board  of  Trade,  N.Z.,  on  the  Coal  Industry,  iMay  20th.  1910. 
“Proximate  Analyses,”  by  Dr  Maclaurin,  Dominion  Analyst. 

A  sample  tested  in  this  country  gave  the  following  analysis  ; 

Fixed  carbon  .  .  .  •  •  43 -Ol  per  cent. 


Volatile  mattei 
Moisture 
Ash 

iSul]ihur  . 


38-50 

14-84 

2-48 

0-27 
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TABLE  No.  18 — continued 

Evaporative 


Description.  Locality. 

Fixed 

carbon. 

Volatile 

matter. 

Moisture. 

Ash. 

Sulphur. 

Calorific 

value 

(calories). 

effioieucy  as 
detenu  iiied 
by 

calorimeter. 

Lignite  Bannockburn  7 

1 

Cromwell 

-  23-75 

43-83 

26-12 

6-30 

0-32 

4291 

8-00 

,,  Central  Otago  J 

,,  Mataura,  | 

Southland 

■  19-01 

40-77 

36-65 

4-57 

0-31 

3789 

7-07 

Ill  the  charging  of  difierential  railway  rates  the  railways  ot  New  Zealand 
enconrage  the  use  of  these  fuels.  The  highest  rates  are  charged  upon  imported 
Australian  coal,  reduced  rates  on  New  Zealand  bituminous  coal,  and  the  lowest 
rates  on  brouui  coal  and  lignite. 

Important  deposits  of  lignite  exist  in  Czecho  Slovakia,  while  in  Denmark  during 
and  since  the  War  the  output  of  brown  coal  has  averaged  about  90,000  tons  per 
annum.  Dutch  lignite  is  referred  to  in  another  chapter  in  which  waste  fuels  are 
discussed.  Lignite  has  been,  and  still  is,  mined  in  Bohemia,  Greece  and  Austria, 
as  also  in  Italy,  where  during  1922  the  production  was  1,840,000  tons. 

The  following  are  analyses  of  Bohemian  and  Grecian  lignites  : — 


Bohemia 


iMoisture. 

Ash. 

Combustible 

matter. 

Calories. 

19-90 

2-55 

77-55 

5546 

27-83 

2-91 

69-26 

4775 

36-56 

3-21 

60-03 

4013 

Greece 

Carbon.  Hydrogen. 

Nitrogen. 

Sulphur. 

Ash.  IMoistur 

48-86  4-24 

0-65 

2-07 

10-40  10-08 

38-09  4-03 

2-51 

9-21 

10-44  13-72 

40-24  3-32 

0-97 

0-64 

7-59  18-69 

Extensive  deposits  of  lignite  are  available  in  the  Malay  Peninsula,  India  and 
Burma.  The  following  recent  analyses  of  Palana  (Indian)  lignite  are  of  interest, 
as  this  fuel  is  now  being  burned  in  hand-fired  furnaces  of  both  Lancashire  and 
Economic  boilers  for  steam  generation  in  connection  with  electricity  supply. 


Palana  Lignite  ^ 


Volatile 

matter. 

Fixed 

carbon. 

^Moisture. 

Ash. 

Specific- 

gravity. 

As  received 

.  25-13 

24-92 

45-60 

4-35 

1-19 

Air-dried  . 

.  34-74 

34-44 

24-80 

6-02 

Dried 

.  46-20 

45-80- 

8-00 

^  Comparative  tests  of  Palana  lignite  briquettes  and  Bengal  locomotive  coal  have  shown,  for  an 
equivalent  evaiioration,  a  consumption  of  1  -744  lbs.  of  lignite  to  1  lb.  of  coal.  (See  Transactions  of  the 
Mining  and  Geological  Institute  of  India). 
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Ultimate  Anahjsis 

DRIED  SAMPLE 


Carbon  ..... 
Hydrogen  .... 
Nitrogen  ..... 
Oxygen,  by  difference 

Ash  ..... 

Calorific  value  of  dried  sample 


()2-r)()  per  cent. 
5-15 

()-7(5  „ 


1 1 ,579 


23-().3 

8-50 

B.T.U 


)  j 


The  valuable  experimental  and  research  work  done  by  Professor  W.  A.  Bone  ^ 
in  the  pre-drying  of  high  moisture  fuels  has  very  clearly  demonstrated  their  improved 
calorific  value  when  the  moisture  content  is  materially  reduced,  and  there  is  but 
httle  doubt  that  in  the  future  development  of  lignite  and  brown  coal  the  use  of  waste 
heat  for  reducing  the  moisture  content  wall  play  an  important  part. 


Points  of  importance  to  be  observed  in  the  burning  of  Lignite  and 
Broivn  Coal  for  Lteam  Generation 

The  results  obtained  in  steam  generation  wdth  high  moisture  fuels,  even  with 
furnaces  and  combustion  chambers  designed  and  arranged  for  the  burning  of 
bituminous  fuels,  has  conclusively  shown  that  lignite  and  brown  coal  can  be  burned, 
but  with  a  thermal  efficiency  which  rarely  exceeds  60  per  cent. 

This  wall  be  quite  clear  from  the  foregoing  details  of  evaporative  tests  at  Ottawn 
and  in  Melbourne. 

Further,  it  has  been  demonstrated  that  with  furnaces  specially  designed  for 
the  burning  of  these  fuels  no  difficulty  is  experienced  in  obtaining  the  rated  boiler 
output,  and  also  a  thermal  efficiency  wdiicli  wall  bear  reasonable  comparison  wdth 
good  average  results  obtained  when  burning  bituminous  coal. 

The  question  of  furnace  design  is  an  important  one  inasmuch  as  the  design 
and  efficiency  of  the  furnace  are  the  determining  factors  in  the  performance  of 
the  boiler. 

It  will,  for  instance,  be  obvious  that  if  these  high  moisture  fuels  are  burned  under 
the  same  conditions  as  ordinary  coal,  and  wdth  rates  of  combustion  varying  from 
15  to  25  lbs.  per  sq.  ft.  of  grate  surface  per  hour,  the  boiler  output  or  capacity 
will  be  so  reduced  that  in  order  to  obtain  the  output  of  steam  desired,  tw'o  or  even 
three  boilers  may  be  required  to  give  the  same  evaporation  as  w^ould  be  obtained  from 
one  boiler  fired  wdth  bituminous  coal  under  good  conditions. 

If  these  high  moisture  fuels  are  to  be  efficiently  utihsed,  if,  in  short,  they  are  to 
displace  coal,  or  render  its  use  unnecessary,  they  must  be  burned  under  such 
conditions  that,  wdth  a  boiler  of  a  given  heating  surface,  it  shall  be  possible  to 

^  Experiments  at  Morwell  with  the  pre-drying  apparatus  jiatented  hy  Professor  Bone,  and 
manufactured  by  the  Undeideed  Stoker  Co.,  Ltd.,  have  shown  a  rate  of  combustion  of  94  lbs.  per  scj.  ft. 
of  grate  per  hour,  an  evaporation  of  8-7  lbs.  of  water  ])er  sq.  ft.  of  heating  surface  ])er  hour,  and  a 
furnace  temperature  of  2100°  F. 
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Induced  Draught 
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burn  lignite  or  brown  coal  efficiently  at  such  rates  of  combustion  that  an  ecjuivalent 
boiler  output  can  be  secured. 

For  the  efficient  utilisation  of  these  fuels  for  the  generation  of  steam  the  only 
suitable  boiler  is  the  water  tube  type.  With  no  other  type  of  boiler  is  it  ])ossible 
to  provide  either  the  most  suitable  furnace  equipment  or  the  conditions  which  are 
imperative  for  the  efficient  combustion  of  high  moisture  fuels. 

Xot  only  does  the  design  of  the  water  tube  boiler  lend  itself  to  the  provision 
of  a  suitable  type  of  grate  and  a  sufficiency  of  grate  area,  but  what  is  even  more 


Fig.  1.5. — Arrangement  of  Furn.ace  Arches  for  the  Burning  of  Morwell  Brown  Coal  in 

CONNECTION  WITH  A  BaBCOCK  &  WiLCOX  BOILER  AND  ChAIN  GrATE  MECHANICAL  StOKERS. 

important  is  that  this  type  of  boiler  can  be  so  set  as  to  provide  suitable  combustion 
space. 

Apart  from  the  question  of  air  supply  the  problem  of  burning  these  fuels  with 
a  reasonable  efficiency  hinges  upon  the  type  and  arrangement  of  the  grate  and  the 
provision  of  suitable  combustion  area. 

Although  it  has  been  assumed  that  a  powerfid  draught  is  necessary,  actually 
this  is  not  so.  A  furnace  draught  of  0-5  ins.  W.G.  will  burn  as  much  as  40  lbs. 
per  sq.  ft.  of  grate  per  hour. 

The  use  of  hot  air  for  combustion  is  undoubtedly  advantageous,  but  the  pre¬ 
drying  and  upgrading  of  the  fuel,  as  advocated  by  Professor  Bone,  will  show  a  much 
greater  increase  in  the  thermal  efficiency,  and  accordingly  gives  a  greater  return 
upon  the  capital  expenditure  involved.  In  Fig.  14  is  shown  the  arrangement  of 
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the  patent  dryer  already  referred  to  in  connection  with  Professor  Bone  and  the 
Underfeed  Stoker  Company,  Ltd.  The  apphcation  is  shown  in  connection  mth  a 
Thompson  water  tube  boiler  ecpiipped  with  underfeed  self-contained  mechanical 
stokers  arranged  for  burning  lignite  or  brown  coal. 

Up  to  the  present  time  neither  the  pre-heating  of  the  air  supply  nor  the  pre¬ 
drying  of  the  fuel  has  been  adopted  to  any  extent,  mainly  because  it  has  been  shown 
that  very  good  results  in  steam  generation  are  obtainable  with  both  fresh  and  air- 
dried  fuels,  with  the  air  supply  at  atmospheric  temperature. 

AVhile  it  is  possible  vuth  efficient  air-drying  to  reduce  the  moisture  content  to 
15  per  cent.,  it  will  be  obvious  that  the  air-drying  of  these  fuels  presents  the  same 


Fig.  16. — Inclined  Drying  Plates  for  High  Moisture  Fuels  as  arranged  with 
Chain  Grate  Mechanical  Stoker. 


difficidty  as  peat,  inasmuch  as  such  drying  can  only  be  seasonal  and  is  hmited  by 
chmatic  conditions. 

Preferably  all  high  moisture  fuels  should  be  machine  fired,  while  very  efficient 
results  are  being  obtained  with  chain  grate  ^  and  travelling  grate  mechanical  stokers  ; 
a  step  grate  would  also  fulfil  all  requirements,  but  suitable  arches  are  essential. 

Fig.  15  illustrates  a  Babcock  and  Wilcox  boiler  with  chain  grate  stoker,  the 
arches  being  specially  arranged  for  burning  broum  coal. 

AVhichever  type  of  mechanical  stoker  may  be  used,  it  should  be  specially  arranged 
to  suit  the  reqiurements  of  the  fuel.  The  ordinary  hopper  gravity  feed  on  to  a 
horizontal  plate  or  fuel  bed  does  not  present  the  best  conditions. 

With  some  mechanical  stokers  of  the  coking  type  for  the  burning  of  coking 
coal  a  solid  or  perforated  horizontal  coking  plate  is  provided.  Under  forced  draught 

^  With  chain  grate  stokers  the  ratio  of  grate  area  to  heating  surface  should  not  be  less  than 
1  to  30. 
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conditions  this  plate  has  been  found  to  be  of  much  value  in  aiding  or  accelerating- 
ignition. 

With  a  similar  object  in  view  substantial  and  sharply  inclined  plates  provided 
for  the  burning  of  high  moisture  fuels  would  exercise  a  very  beneficial  spreading  and 
drying  effect  upon  the  descending  fuel,  securing  a  more  rapid  hberation  of  the 
moisture  and  accordingly  accelerating  the  ignition. 

The  inclined  plates  suggested  are  illustrated  in  Fig.  16,  and  have  already  been 
put  into  satisfactory  use. 

The  provision  of  ample  ignition  arch  surface  is  essential.  Not  only  is  it  necessary 
to  provide  a  front  arch  of  ample  length,  but  the  results  -will  be  materially  improved 
by  the  provision  of  a  rear  arch  arranged  at  a  rather  lower  level.  All  arches 
should  preferably  be  as  flat  as  possible  and  of  the  suspended  type,  set  as  low  as 
practicable. 

The  cubic  capacity  provided  in  the  furnace  must  be  adequate.  Even  in  cases 
where  boilers  have  been  specially  set  for  the  utihsation  of  high  moisture  fuels,  and 
where  it  was  assumed  that  ample  combustion  area  has  been  provided,  it  has  been 
found  that  the  area  allowed  coxdd  have  been  increased  vdth  advantage.  Owung  to 
rapid  disintegration  in  the  fire  it  is  important  that  the  design  and  arrangement  of 
the  grate  should  be  such  that  the  sifting  through  of  combustible  into  the  ashpit 
is  reduced  to  the  minimum. 

It  must  not  be  assumed,  even  when  high  moisture  fuels  are  burned  under  good 
conditions,  that  an  overall  thermal  efficiency  can  be  obtained  as  high  as  is  possible 
when  burning  coal  imder  equally  favourable  conditions. 

With  a  well-designed  and  carefully  operated  plant  using  dried  fuel  a  thermal 
efficiency  of  from  65  to  70  per  cent,  can  be  obtained  when  burning  fuel  at  the  rate 
of  from  60  to  90  lbs.  per  scp  ft.  of  grate  per  hour,  with  furnace  temperatures  varying 
from  2000°  F.  to  2100°  F. 

In  Tables  Nos.  19  and  20  (see  pages  61-63)  are  included  details  of  evaporative 
tests  Avith  lignite  and  broAvn  coal,  in  Holland,  Germany,  Hungary  and  Austria. 
In  each  case  the  mechanical  stokers  used  were  of  the  Pluto  (Dutch)  type,  which  Avill 
be  illustrated  and  described  in  a  succeeding  chapter. 

As  an  alternative  method  of  firing,  the  pulverisation  of  lignite  and  brown  coal 
has  been  much  advocated.  With  a  view  to  carrying  out  tests  upon  a  practical  scale 
the  State  Electricity  Commissioners  of  Victoria  decided  to  instal  a  pulverised  fuel 
plant  at  Newport  Power  Station,  Melbourne. 

Given  a  suitable  boiler,  arranged  and  set  for  this  system  of  firing,  there 
is  no  doubt  that  efficient  results  may  be  obtained.  The  principal  difficulties 
presented  are  (1)  the  satisfactory  drying  of  the  fuel  and  the  cost  of  drying, 
(2)  the  actual  calorific  loss  involved  in  drying  a  fuel  possessing  the  characteristics 
of  lignite  or  brown  coal,  and  (3)  the  interception  of  the  dust  carried  in  suspension 
in  the  gases. 

A  variation  in  the  moisture  content  has  a  greater  effect  upon  the  results  than 
can  be  accounted  for  merely  by  the  thermal  loss  due  to  the  increased  moisture  per¬ 
centage.  There  would  appear  to  be  a  critical  point  in  the  moisture  content  above 


LIGNITE  AND  BROWN  COAL 


0.> 

which  the  loss  increases  rapidly.  This  is  doubtless  due  to  the  reduction  in  the  furnace 
temperature  and  the  retarding  of  ignition. 

It  has  been  suggested  that  pulverised  lignite  or  brown  coal  ^  could  l)e 
advantageously  used  for  the  firing  of  locomotives. 

With  this  the  author  is  not  in  agreement.  The  conditions  presented  for  the 
combustion  of  such  pulverised  fuel  in  locomotive  boiler  fireboxes  are  unsatisfactory, 
and  this  appUes  also  to  all  boilers  of  the  fire  tube  type. 

^  In  this  connection  it  is  interesting  to  note  that  General  Order  No.  107,  Board  of  Railway  Com¬ 
missioners,  Canada,  dated  July  14th,  1913,  prohibited  the  use  of  certain  grades  of  lignite  for  the  firinir 
of  locomotives,  owing  to  the  emission  of  dangerous  sparks. 
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CHAPTER  IV 


PEAT 

During  the  past  few  years  the  increased  cost  of  coal,  and  an  extreme  shortage  in 
some  European  countries,  mainly  or  entirely  dependent  upon  imported  coal  supplies, 
has  had  the  natural  effect  of  stimulating  renewed  interest  in  peat  development,  both 
for  domestic  and  industrial  use. 

Peat  consists  of  the  fibres  of  various  mosses  and  other  fibrous  and  aquatic  plants. 
In  some  samples  the  origin  is  clearly  defined,  while  in  other  samples,  of  a  very  dense 
or  earthy  nature,  it  is  all  but  impossible  to  detect  evidence  of  plant  origin. 

Ekenberg,  who  has  devoted  such  close  study  to  peat  problems  in  Sweden, 
expressed  the  opinion  that  to  some  extent  the  water  in  peat  is  held  by  a  colloidal 
or  gelatinous  substance,  which  he  termed  hydrocellulose.  This  substance  appears 
to  possess  the  property  of  absorbing  many  times  its  ovm  weight  of  water. 

The  older  and  more  humified  peat  bogs  appear  to  contain  the  highest  percentage 
of  this  gelatinous  substance.  It  is  found  to  the  greatest  extent  in  the  deepest  layers 
of  a  bog,  decreasing  in  the  upper  layers  and  near  the  surface. 

It  is  a  common  experience  to  find  in  peat  bogs  plant  fibres  and  roots,  and  in 
some  cases  remains  of  cones,  fir  needles,  and  trees. 

In  its  natural  state,  that  is,  as  it  exists  in  the  bog,  peat  usually  contains  about 
90  per  cent,  of  water,  which  percentage  is  sometimes  exceeded.  Even  in  the  case 
of  the  most  thoroughly  drained  bog  the  water  is  but  rarely  less  than  88  per  cent. 
It  may  therefore  be  stated  that  100  lbs.  of  peat  as  cut  from  the  bog  usually  contain 
not  less  than  90  lbs.  of  water — which  is  most  tenaciously  held — and  only  10  lbs.  of 
combustible  material. 

In  order  to  render  this  10  lbs.  of  combustible  available  for  use  as  a  comparatively 
dry  fuel,  the  bulk  of  the  90  lbs.  of  moisture  content  must  be  removed.  The  problem 
of  its  economic  removal  artificially,  or  mechanically,  has  up  to  the  present  proved 
to  be  exceedingly  difficult,  if  not  impossible,  and  despite  the  ingenuity  and  activity 
of  many  inventors,  several  of  whom  have  claimed  to  have  solved  the  problem,  it  still 
awaits  solution. 

The  econonnc  drying  of  peat  is  a  twofold  problem,  involving  not  only  the 
effective  and  inexpensive  removal  of  the  bulk  of  the  high  moisture  content,  but  also 
the  use  of  such  means  for  its  removal  as  may  be  employed  continuously  throughout 
the  year,  regardless  of  weather  or  climatic  conditions. 

Air  drying,  by  exposure  to  sun  and  wind,  while  being  the  simplest  and  most 
economical  process,  obviously  cannot  be  a  continuous  process,  inasmuch  as  it  is 
necessarily  fimited  to  a  comparatively  short  period  during  the  year. 

66 


PEAT 


(i7 

The  highest  authorities  are  agreed  that  no  alternative  system  of  drying  lias 
y'et  been  devised  which  is  economically  sound,  despite  the  various  claims  to  the 
contrary.  The  failure  hitherto  to  considerably  reduce  the  moisture  content  at  an 
economic  cost,  has  been,  and  is,  the  most  serious  obstacle  to  the  extended  use  of 
peat  as  fuel.  In  this  connection  it  may  be  desirable  to  cpiote  the  opinions  of  experts 
Avho  have  closely  studied  the  problems  involved  in  peat  winning  and  utilisation. 

Mr  B.  F.  Haanel,^  B.Sc.,  Chief  of  the  Fuels  and  Fuel-testing  Division,  Depai-tment 
of  Mines,  Canada,  in  the  introductory  notes  to  his  very  useful  and  comprehensive 
work,  “  Peat,  Lignite  and  Coal,”  refers  thus  to  artificial  drying  : — 

“  It  is  shoAvn  that  the  artificial  drying  of  peat  cannot  be  accomplished 
economically,  and  that  to  attempt  to  reduce  the  water  content  of  the  raw  peat  to 
below  76  per  cent,  by  hydraulic  pressure  will  residt  in  commercial  failure.” 

Referring  to  the  drying  of  peat.  Professor  Pierce  F.  Purcell,  A.M.I.C.E.,  an 
acknowledged  authority  of  Avide  experience,  in  a  lecture  on  “  The  Peat  Resources  of 
Ireland,”  ^  said  ; — 

“  Many  methods  have  been  tried  for  the  elimination  of  AA'ater  from  peat,  but 
the  most  successful  is  drying  by  natural  atmospheric  agencies,  AAond  and  sunshine 
being  the  chief  factors.  This  method  has  been  practised  under  one  form  and  another 
since  at  least  the  commencement  of  the  Christian  era,  and  Pliny  the  elder  obser\'ed 
it  whilst  engaged  in  the  then  army  of  occupation  in  Germany.  This  makes  it  all 
the  more  surprising  that  notAAdthstanding  the  advance  in  science,  and  in  mechanical 
and  industrial  operations,  the  air  drying  of  peat  by  natural  means  is  the  only 
recognised  commercially  successful  method  in  use  to-day.” 

.  .  .  “  When  peat  as  taken  from  the  bog  is  subjected  to  high  and  long- continued 
pressure,  about  three-quarters  of  the  contained  Avater  is  driven  off,  and  the  moisture 
content  is  reduced  from  90  per  cent,  to  70  per  cent.,  but  even  in  this  condition  it  is 
still  useless  for  fuel  purposes.  This  represents  the  maximum  effects  of  pressure  on  raw 
peat,  and  it  is  now  accepted  as  a  fact  that  peat  cannot  be  prepared  by  pressure  alone.” 

.  .  .  “  When,  however,  Ave  take  account  of  the  fact  that  the  efficiency  of 
the  dryer  Avill  not  average  more  than  60  per  cent.,  it  can  be  shoAvn  that  peat  Avith 
83-5  per  cent,  of  water  has  no  practical  calorific  value,  as  the  16-5  per  cent,  of  peat 
is  required  to  evaporate  the  contained  Avater.” 

A.  Hausding,^  Avhose  contribution  to  the  technology  of  peat  has  been  so  valuable, 
in  his  well-known  standard  German  Avork,  is  no  less  definite  on  this  question  : 

“  Artificial  drying  of  peat,*  i.e.  the  manufacture  of  kiln-dried  peat,  is  not 
economically  sound.” 

“The  only  method  of  drying  AA’hich  has  hitherto  proved  satisfactory  is  air  drying.” 

“  Dehydration  of  peat  by  compression,  even  Avhen  an  electrical  current 
is  employed,  is  unscientific,  and  does  not  lead  to  the  goal  desired.  By  strong  com- 

^  “  Peat,  Lignite  and  Coal,”  by  B.  F.  Haanel,  B.Sc.,  1914. 

^  Fuel  Research  Board,  Special  Rexiort,  No.  2,  1920,  “  The  Peat  Re.sources  of  Ireland,”  by  Professor 
Pierce  F.  Purcell,  A.M.I.C.E. 

®  ”  Handbuch  der  Torfegewinnung  und  Torfeverwertung,”  Berlin,  1917. 

^  “  A  Handbook  on  the  Winning  and  the  Utilisation  of  Peat,”  by  A.  Hausding.  Translated  from 
the  third  German  edition  by  Hugh  Ryan,  D.Sc.,  Professor  of  Chemistry,  University  College,  Dubhn. 
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pression,  even  with  a  pressure  of  400  to  500  atmospheres  for  several  hours,  the 
percentage  of  water  in  a  peat  (85)  could  not  be  lowered  below  63.” 

The  cost  of  kiln  or  heat  drying,  for  which  some  extraordinary  claims  have  been 
made  from  the  point  of  view  of  efficiency  in  fuel  consumption,  obviously  is  not 
entirely  dependent  upon  the  cost  of  the  fuel  used  to  reduce  the  moisture  content 
to  a  given  point.  There  are  other  very  important  factors  which  cannot  be  ignored, 
such  as  the  capital  cost  of  the  drying  plant  and  the  cost  of  handling  both  the  raw 
and  the  dried  peat. 

A  further  factor  of  importance  is  the  capacity  of  the  dryer,  which  must  be 
sufficiently  large  to  accommodate  a  considerable  quantity  of  raw  peat,  in  order  to 
obtain  a  relatively  small  output  of  dried  peat. 

When  it  is  possible  to  employ  waste  heat,  as  has  been  done  in  connection  with 
one  or  more  plants  in  Italy,  the  efficiency  of  the  dryer  is  not  so  important.  When, 
however,  fuel  of  any  kind  has  to  be  used  in  order  to  provide  the  necessary  heat,  the 
weight  of  fuel  required  and  its  cost  are  serious  factors. 

As  Mr  B.  F.  Haanel  says  in  his  work,^  which  has  already  been  referred  to  : — 
“  Even  assuming  that  dry  peat  is  used  for  the  dryer,  for  providing  the  required 
heat,  the  consumption  may  be  so  high  as  to  be  commercially  impossible.  For 
instance,  assuming  that  it  is  desired  to  produce  100  lbs.  of  dry  peat  from  500  lbs. 
of  raw  peat  containing  80  per  cent,  of  moisture,  the  consumption  of  dry  peat  in  the 
dryer  would  be  approximately  67  lbs.,  so  that  the  net  result  would  be  the  pro¬ 
duction  of  33  lbs.  of  dry  peat  from  500  lbs.  of  80  per  cent,  moisture  peat,  or  a 
net  percentage  of  6-66.” 

Owing  to  its  poor  heat  conductivity  it  is  possible  to  char  or  burn  the  outside 
surfaces  of  peat  in  a  dryer,  while  only  a  comparatively  small  percentage  of  the 
contained  water  is  evaporated.  The  following  Table,  No.  21,^  shows  the  weight  of 
water  removed  by  drying  at  10  per  cent,  stages  from  one  ton  of  peat,  as  excavated 
from  the  bog  (90  per  cent,  water),  in  drying  to  10  per  cent,  of  water. 

TABLE  No.  21 


Percentage 

Dry  peat 

Water 

Weight  of  water 
removed 

Weight  of 
material 

Total 

weight 

of  water  in 

contents 

content 

for  each 

obtained  for  each 

of  water 

the  peat. 

(lbs.). 

(lbs.). 

10  per  cent. 

10  per  cent. 

evaporated 

90 

200 

1800 

reduction  (lbs.). 

reduction  (lbs.). 
2000 

(lbs.). 

80 

200 

800 

1000 

1000 

1000 

70 

200 

466-7 

333-3 

666-7 

1333-3 

60 

200 

300 

166-7 

500 

1500 

50 

200 

200 

100 

400 

1600 

40 

200 

133-3 

66-7 

333-3 

1666-7 

30 

200 

85-7 

47-6 

258-7 

1714-3 

20 

200 

50 

35-7 

250 

1750 

10 

200 

22-2 

27-8 

222-2 

1777-8 

^  “Peat,  Lignite  and  Coal,”  by  B.  F.  Haanel,  B.Sc.,  1914. 

^  Bulletin  376.  “  Peat  Deposits  of  Maine,”  by  Edson,  S.  Bastin  and  Charles  A.  Davis.  United 
States  Geological  Survey,  1909. 
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Air-dried  peat  has  been  used  in  many  European  countries  for  domestic  purposes 
for  many  centuries  past :  its  use  has  been  mainly  limited  to  the  vicinity  of  bof^s. 
The  peat,  being  cut  from  the  bog  in  blocks,  is  par  daily  dried  on  the  bog  under 
favourable  weather  conditions,  and  then  stored  under  cover  for  use  as  recpiired. 

For  any  operations  upon  a  commercial  scale  the  use  of  peat  cutting  and 
handling  machinery  is  essential.  Unless  labour-saving  devices  are  employed, 
it  may  be  said  to  be  commercially  impossible  to  cut  and  handle  ])eat  excepting 
upon  a  very  limited  scale. 

Regarding  peat  as  a  low  grade  fuel,  which  must  be  sold  at  considerably  below 


Fig.  17. — Abjoen  Andeesson’s  Peat  Dredging  Machine. 

the  cost  of  coal— if  it  is  to  displace  or  render  the  use  of  coal  unnecessary — it  will 
be  obvious  that  labour-saving  apparatus  must  be  employed  so  far  as  is  practicable, 
both  in  the  winning  and  preparation  of  peat,  in  order  to  reduce  the  cost  of  production 
to  the  minimum. 

In  the  early  attempts  to  reduce  the  cost  of  labour,  while  hand  digging  was 
retained  the  peat  as  cut  was  shovelled  into  a  mechanical  elevator  and  conveyed  to 
the  hopper  of  the  pulping  mill,  as  illustrated  in  Fig.  18.  Although  the  cost  of  labour 
was  to  some  extent  reduced,  this  method  of  feeding  the  elevator  was  found  to  be 
too  expensive,  and  while  it  is  still  employed  in  some  European  countries,  on  some 
of  the  more  important  deposits  it  has  been  superseded  by  the  dredger  excavator, 
of  a  somewhat  similar  type  to  that  used  in  Germany  for  the  excavation  of 
brown  coal. 
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In  Fig.  17  is  shown  a  combined  peat  dredger  excavator  as  used  in  conjunction 
with  macerating  and  spreading  plant,  designed  by  the  well-known  peat  machinery 
manufacturers,  Aktiebolaget  Abjorn  Andersson,  of  Svedala,  Sweden.  The  machine 
is  shown  in  operation  on  a  Swedish  bog. 

Both  in  Sweden  and  in  Germany,  as  also  in  Canada,  considerable  attention 
has  been  devoted  to  the  design  of  apparatus,  not  only  for  the  economic  winning 
of  peat,  but  also  for  reducing  the  cost  of  labour  in  spreading  after  pulping. 

Some  fifty  years  since  it  was  recognised  that  by  macerating  or  pulping  and 
mixing  the  peat  it  w^as  possible  to  produce  a  much  more  homogeneous,  dense 
and  tough  fuel.  For  this  purpose  many  machines  have  been  devised,  but  the  type 


Fig.  18. — Abjorn  Andeesson’s  Mechanical  Peat  Elevator  (Hand  Fed). 


of  machine  which  is  probably  most  extensively  used  is  a  pulping  mill  fed  through 
a  hopper,  beneath  which  circular  knives  rotate  against  knives  in  fixed  positions, 
and  a  spiral  or  screw  conveyor  which  forces  the  peat  forward  to  the  outlet. 

The  whole  of  the  working  parts  are  enclosed  in  a  heavy  cast-iron  casing.  The 
pulping  mill  is  power  driven  and  very  thoroughly  pulps  and  mixes  the  peat. 
Small  roots  and  fibrous  material  are  broken  down  or  cut  small  and  mixed  with 
the  pulped  peat. 

The  well-known  Anrep  macerator,  as  made  by  Aktiebolaget  Abjorn  Andersson. 
of  Svedala,  is  illustrated  in  Figs.  19  and  20. 

ATien  the  pulped  peat  is  forced  through  the  discharging  mouth  of  the  mill 
it  is  cut  off  in  convenient  lengths,  usually  on  boards,  and  is  then  ready  for  trans¬ 
portation,  spreading  and  air-drying. 

At  this  stage  the  use  of  inexpensive  and  expeditious  means  for  handling  and 
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transportation  is  of  much  importance.  For  this  purpose  small  tipping  trucks  on 
a  portable  track  have  been  used,  as  also  the  telpher  system. 

For  the  spreading  of  the  peat  on  the  drying  ground  the  Jakobson  field  press 
has  been  much  used.  This  apparatus  comprises  a  framework  of  wood,  carrying 
two  rollers,  one  at  each  end.  In  the  centre,  and  between  the  two  rollers,  a 
hopper  or  container  is  provided  for  carrying  the  pulped  peat.  The  roller  at  the 
front  of  the  press  is  used  for  levelling  the  ground,  while  the  rear  roller,  which 
may  be  adjusted  vertically,  is  used  to  regulate  the  thickness  of  the  peat 
discharged.  As  the  peat  leaves  the  press  at  the  rear  roller  it  is  cut  into  long 
strips  by  means  of  a  series  of  fixed  knives ;  these  long  strips  are  subsequently 
cross  cut  by  hand  labour. 

Among  the  most  ingenious  peat  spreading  machines  devised  is  that  designed 
by  Mr  Ernest  V.  Moore,  and  which  has  given  much  satisfaction  in  Canada.  This 


Fig.  20. — Aneep’s  Peat  Maceeatob. 

spreader,  which  embodies  some  novel  features,  was  designed  for  carrying  on  a  special 
type  of  caterpillar  tractor  electrically  driven  by  a  trolley  system,  at  the  rate  of 
about  7  ft.  per  minute. 

From  the  peat  container  on  the  spreader  the  peat  is  evenly  distributed 
by  means  of  a  screw  conveyor,  being  discharged  from  the  container  at  ground  level 
through  a  series  of  parallel  spouts,  each  spout  or  outlet  being  provided  with  a 
separate  screw  feed.  By  means  of  a  controlling  device  the  peat  may  be  discharged 
within  considerable  limits  at  any  speed  desired. 

Unlike  the  Jakobson  field  press,  the  Moore  spreader  automatically  cross-cuts 
the  peat,  thus  eliminating  subsequent  labour  in  cutting.  In  Fig.  21  is  shown  a 
conveyor  (Personn’s  patent),  manufactured  by  Aktiebolaget  Abjorn  Anderson,  of 
Svedala.  The  macerated  peat  upon  leaving  the  machine  is  delivered  on  to  boards 
or  pallets  which  are  carried  on  a  roller  table,  which  is  provided  with  an  automatic 
cutting  device.  A  section  of  this  table  is  so  supported  that  when  engaged  by  a 
loaded  board  it  is  automatically  lowered,  the  board  with  its  contents  being  trans¬ 
ferred  to  the  endless  wire  rope  conveyor  and  carried  across  the  drying  field. 
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The  cables  are  supported  at  a  convenient  height  on  light  angle  ireni  trestles 
having  rollers  to  carry  the  cables.  The  trestles  are  usually  placed  from  1(1  to  12 
yards  apart,  and  are  provided  with  metal  sledge  bases  for  easy  transportation.  'I’he 
driving  mechanism  for  the  conveyor  is  mounted  on  the  machine  truck  carrving 
the  macerator  and  engine  or  motor. 

This  very  simple  and  inexpensive  type  of  conveyor  may  be  satisfactorily 
operated  in  any  length  up  to  200  yards.  The  boards  carrying  the  ])eat  have  to 
be  tipped  by  hand,  but  when  placed  on  the  return  conveyor  are  carried  back  on  the 
machine  and  automatically  removed. 

It  has  been  estimated  that  the  total  annual  consumption  of  peat  in  Euro|)ean 


Fig.  21. — Peesoun’s  Peat  Conveyor. 


countries  is  from  15  to  20  million  tons  per  annum.  The  peat  deposits  of  the  world, 
in  so  far  as  they  have  been  estimated  and  surveyed,  are  as  follows  : — 


Country. 

Great  Britain 

Ireland  ^ 

United  States  ^ 

Canada 

Sweden 

Norway 

Denmark 

Germany 

Austria 

Russia 

Finland 


Area  in  sq.  miles. 

.  9,400 

4,700 
.  11,200 
.  37,000 

.  19,200 

2.900 
400 

9.900 
1,500 

.  05,000 

.  38,000 


^  Estimated  quantity =5,000,000,000  tons. 

^  United  States  Geological  Survey,  1018-20. 
14  billion  tons. 


Calculated  upon  an  air-dried  basis,  almost 
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Great  Britain. — Probably  the  most  important  of  the  peat  deposits  in  England 
which  is  still  being  actively  developed  is  that  owned  by  the  Eclipse  Peat  Company 
at  Ashcott,  Somerset,  in  the  historic  Glastonbury  district. 

By  the  courtesy  of  Mr  P.  J.  Slee,  one  of  the  proprietors,  the  author  is  able  to 
include  the  illustrations.  Figs.  22  to  28,  showing  in  the  various  stages  the  winning 
and  air-drying  of  peat  at  this  works.  Eclipse  peat  for  domestic  fuel  purposes 
is  all  obtained  at  a  mininmm  depth  of  about  6  ft.,  a  typical  analysis  being 
as  follows : — 


Ash  . 

Sulphur 

Phosphorus 

Carbon 

Hydrogen 

Oxygen 

Nitrogen 

Tar 


3-03  per  cent, 
very  slight  trace 
none 

56-0  per  cent. 


M 

16-0 


5  J 


Some  recent  examples  have  shown  an  ash  content  of  rather  less  than  2  per  cent. 
For  several  years  past  much  experimental  work  has  been  done  in  distillation  and 

bye-product  recovery,  as  also  in  mechanical 
dehydration.  So  successful  have  these  experi¬ 
ments  in  dehydration  been  that  the  Company 
now  contemplate  installing  a  larger  plant  for 
this  purpose. 

In  the  production  of  alcohol  from  peat 
very  encouraging  results  have  been  obtained. 
One  ton  of  raw  peat,  having  a  moisture 
content  of  from  80  to  90  per  cent.,  yielded 
6  gallons  of  high  grade  alcohol  suitable  for 
internal  combustion  engines.  The  peat  used 
was  a  light  fibrous  peat  from  the  top  layers 
of  the  bog. 

Ireland. — It  has  been  estimated  that  peat 
is  used  for  domestic  purposes  in  Ireland  by 
about  1|  million  people,  and  that  the  annual 
consumption  is  approximately  7  million  tons.  Comparatively  little  peat  is  used 
for  industrial  purposes,  but  the  following  two  cases  are  interesting  examples  : — 

At  the  Marconi  Company’s  Wireless  Station  at  Clifden,  from  5000  to  6000  tons 
per  annum  of  air-dried  peat  is  used  for  steam  generation.  At  Mr  Hamilton  Robb’s 
Linen  Factory,  Portadown,  peat  is  used  in  two  Crossley  producers,  each  200  B.H.P., 
supplying  three  Stockport  gas  engines,  two  being  rated  at  120  B.H.P.  each,  and 
one  at  150  B.H.P.  The  usual  output  is  said  to  be  about  250  B.H.P.  Under  test 
the  consumption  is  reported  to  have  been  from  2-5  to  3-16  lbs.  of  25  per  cent, 
moisture  peat  per  B.H.P.  hour.  The  latter  is  equivalent  to  4-24  lbs.  per  kw.  hour. 


Fig.  22. — Air-dried  Ashcott  Peat. 
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Fig.  24. 


Fig.  2G. 


Fig.  28. 


Fig.  23. 


Fig.  25. 


Fig.  27. 


The  Winning  and  Air-drying  of  Peat  at  the  Works  of  The  Eclipse  Peat  Company,  Ashcott,  Somerset. 
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and  assuming  a  value  of  10s.  per  ton  for  the  peat,  would  represent  a  cost  of  -22 
])ence  per  kw.  hour. 

In  addition  to  the  peat  used  in  the  producers,  some  2500  tons  per  annum  is 
used  for  the  firing  of  steam  boilers,  to  provide  steam  for  heating  purposes,  etc.  By 
the  courtesy  of  Messrs  Crossley  Bros.,  Ltd.,  the  author  has  been  enabled  to  reproduce 
an  illustration  of  the  producers  at  Mr  Hamilton  Robb’s  Factory  (see  Fig.  29). 

During  the  past  few  years  much  attention  has  been  directed  to  the  development 


Fig.  29. — Crossley  Producers  gasifying  Peat  at  Mr  Hamilton  Robb’s  Linen  Factory, 

PORTADOWN. 


of  the  peat  resources  of  Ireland,  and  much  valuable  information,  as  also  definite 
recommendations,  will  be  found  in  an  excellent  brochure,  issued  by  H.M.  Fuel 
Research  Board  (Department  of  Scientific  and  Industrial  Research)  in  1921, 
entitled  “  The  Winning,  Preparation,  and  Use  of  Peat  in  Ireland ;  Reports  and 
other  Documents.” 

According  to  this  Report  (p.  75),  a  Dolberg  peat  macerating  machine  and  also 
an  Abjorn  Anderson  peat  machine  with  accessories  have  been  installed  at  Turraun, 
and  100  tons  of  air-dried  peat  were  sent  to  H.M.  Fuel  Research  Station  at  East 
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Greenwich,  ‘‘  for  experimental  work  on  its  use,  directly  as  a  fuel,  and  indirectlv 
as  a  source  of  gas,  oils  and  char.” 

In  Technical  Paper  No.  4  ^  of  H.M.  Fuel  Research  Board,  very  complete 

and  interesting  details  are  given  of  carbonisation  tests  of  macerated  Irish  peat 
from  Turraun. 

The  peat  as  received  at  the  Fuel  Research  Station  at  East  Greenwich  was  in 
the  form  of  “  hard  blocks  about  10  in.  long,  with  a  cross  section  of  about  2  in. 
square.  Their  density  was  rather  under  1,  or  about  twice  that  of  the  ordinary 
hand-cut  sods  made  on  the  bog.  These  blocks  could  be  sawn  and  cut  like  hard 
wood,  and  had  stood  transport  with  very  little  breaking  uj)  into  “  smalls,”  thereby 
contrasting  very  favourably  with  ordinary  hand-cut  sods,  which  break  down 
seriously  in  transport  by  road  or  rail. 

“  On  arrival  the  water  content  of  the  blocks  was  about  25  per  cent.,  but  bv 
the  date  of  the  experiments  described  this  had  been  reduced  on  storage  under 
cover  to  17  per  cent.” 

Commenting  upon  the  experiments,  it  is  stated  in  the  Report  : — 

“  Not  only  do  these  peat  blocks  lend  themselves  admirably  after  suitable 
treatment  to  carbonisation  in  vertical  retorts  at  temperatures  between  750°  C. 
and  850°  C. ,  but  also  in  steel  retorts  at  550°  C.  and  600°  C.,  and  the  resultant 
charcoal  is  an  ideal  fuel  for  suction  gas  producers.” 

Canada. — With  the  same  thoroughness  which  has  characterised  the  investigation 
of  fuel  problems  generally,  the  Canadian  Government  Department  of  Mines  have 
closely  studied  peat  and  its  development.  In  his  work,^  which  has  already  been 
referred  to,  Mr  B.  F.  Haanel,  B.Sc.,  Chief  of  Fuels  and  Fuel  Testing  Division, 
Department  of  Mines,  Ottawa,  refers  to  the  system  of  peat  transportation  and 
spreading  designed  by  Mr  Ernest  V.  Moore,  and  in  operation  at  Alfred  Peat  Bog, 
Ontario,  and  also  under  the  heading  of  “  Canadian  Practice,”  pages  26  to  30, 
describes  the  work  done  on  a  commercial  scale  at  the  Farnham,  Quebec,  and  Alfred. 
Ontario,  bogs. 

Commenting  upon  the  operations  throughout  two  seasons,  Mr  Haanel  says  - 

“  During  two  seasons  the  Mines  Branch  manufactured  about  3000  short  tons 
of  25  per  cent,  moisture  air-dried  machine  peat  fuel.  The  method  employed  was 
that  invented  by  Anrep,  the  system  which  is  so  extensively  used  in  Russia  and 
Sweden.  The  plant  was  not  equipped  with  a  mechanical  excavator,  and  its  capacity 
was  small — only  about  30  tons  per  day — hence  the  overhead  charges,  amortisation, 
interest  on  investment,  etc.,  were  high.  The  improved  ‘  Anrep  ’  system  as  employed 
at  this  plant  is  described  elsewhere  ;  it  is  only  necessary,  therefore,  to  add  a  few 
remarks  regarding  the  cost  of  manufacture. 

“  The  result  of  two  seasons’  manufacturing  operations  at  Alfred,  under  un¬ 
favourable  conditions,  indicate  that  with  efficient  management  peat  fuel  can  be 
manufactured  at  a  cost  of  $1-75  on  the  field.  This  cost  includes  all  expenses,  such 

^  Technical  Paper  No.  4,  H.M.  Fuel  Research  Board  (Department  of  Scientific  and  Industrial 
Research),  1921,  “  The  Carbonisation  of  Peat  in  Vertical  Retorts.” 

^  “  Peat,  Lignite,  and  Coal,”  by  B.  F.  Haanel,  B.Sc.,  Department  of  Mines,  Ottawa,  1914. 
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as  interest  on  investment,  amortisation,  repairs,  etc.  It  is,  moreover,  tire  opinion 
of  the  Swedish  peat  engineer,  who  conducted  the  last  seasons’  operations,  that  a 
period  of  110  working  days  can  be  counted  upon  as  a  fair  period  during  which 
manufacturing  operations  may  be  conducted.  The  total  production  during  this 
time  would  be  3300  short  tons,  and  this  output  will  be  used  as  a  basis  in  calculating 
the  cost  per  ton.” 

In  “  Peat  as  a  Source  of  Fuel,”  ^  Mr  Eugene  Haanel,  Director  of  the  Canadian 
Government  iVIines  Branch,  Ottawa,  gives  very  concise  details  of  the  peat  resources 
of  Canada,  from  which  it  would  appear  that  the  total  area  of  the  Dominion  overlain 
by  peat  bogs  is  estimated  to  be  37,000  square  miles. 

In  this  address  to  the  Commission  of  Conservation,  Mr  Haanel  thus  referred  to 
the  utilisation  of  peat  : — 

“  The  extensive  and  varied  field  for  the  utihsation  of  peat  must  be  apparent 
to  all  who  have  closely  studied  this  question,  and  the  urgent  need  for  an  intensive 
development  of  the  Canadian  peat  resources  should  be  brought  forcibly  before  men 
actively  engaged  in  the  building  up  of  the  great  commercial  enterprises  and  industries 
of  this  country.” 

United  States. — Notvdthstanding  the  abundant  coal  resources  of  the  United 
States,  a  comprehensive  investigation  of  the  peat  resources  was  carried  out  in 
1918-20  by  the  United  States  Geological  Survey.  Although  a  considerable 
amount  of  experimental  work  has  been  done,  there  has  been  no  incentive  or 
necessity  to  develop  the  peat  resources.  Within  the  past  few  years  experiments 
have  been  made  at  Minneapohs,  iMinn.,  Avith  pulverised  peat  for  the  firing  of  steam 
boilers,  but  no  data  is  yet  available. 

Russia. — Some  years  since  the  annual  output  of  peat  in  Russia  was  in  excess 
of  that  of  any  other  country  in  the  world.  The  last  available  figures,  for  the  year 
1914,  showed  a  very  considerable  reduction,  the  output  being  about  2|  miUion 
tons  only. 

Bogerodzk  Power  Station,  some  43  miles  from  Moscow,  having  a  plant  capacity 
of  15,000  kw.  (3-5000  kw.  Zoelly  Turbines),  supphed  Avith  steam  from  air-dried 
peat  burned  under  Avater  tube  boilers — which  PoAA^er  Station  was  put  into  operation 
in  1914 — ^was  the  largest  generating  station  in  the  AA^orld  operated  on  peat.  The 
power  AA’^as  supphed  to  local  industrial  AA’orks,  surplus  poAA^er  being  transmitted  to 
Moscoav. 

Germany. — Wliile  there  Avould  appear  to  have  been  a  dechne  in  recent  years, 
the  use  of  peat  has  been  considerably  developed  in  Germany.  The  most  important 
poAver  plant  using  peat  for  steam  generation  is  at  Weismoor  Ostfriesland. 

The  original  installation  ^  comprised  a  steam  plant  of  200  H.P.  only,  Avhich 
AA-as  used  for  the  cultivation  of  the  bog,  ditching,  stripping,  and  ploughing.  The 
utihsation  of  peat  for  poAver  production  Avas  apparently  not  originally  intended. 

In  1908  it  AA^as  decided  to  considerably  extend  the  poAA’er  plant.  The  plant 

'  “  Peat  as  a  Source  of  Fuel,”  by  Eugene  Haanel,  Director,  Mines  Branch,  Ottawa.  Keprinted 
from  the  Ninth  Annual  Report  of  the  Commission  of  Conservation,  Canada,  1918. 

^  “  Das  Kraftwerk  im  Weismoor  Ostfriesland,”  by  J.  Teichniiiller,  Karlsruhe,  Germany. 
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then  installed  comprised  four  water  tube  boilers  each  havin*>  scj.  ft.  of  heatinj' 
surface,  superheaters  each  having  1076  sq.  ft.  of  heating  surface,  and  grates  of  86 
sq.  ft.  each;  the  steam  pressure  was  176  lbs.  The  generating  })lant  provided 
comprised  three  Turbo  sets,  each  of  1250  kw.  capacity.  As  the  resrdt  of  exhaustive 
experiments  in  the  burning  of  peat  the  furnaces  were  altered,  step  grate  furnaces 
inchned  at  36°  to  the  horizontal  were  installed,  and  the  grates  were  also  divided  to 
permit  of  alternate  feeding. 

An  evaporative  test  carried  out  in  1910  showed  an  overall  thermal  efficiency 
of  73-5  per  cent.,  and  an  evaporation  of  3-01  kg.  per  kg.  of  peat,  burned  (5-1  lbs. 
per  lb.).  The  moisture  content  of  the  peat  as  fired  was  not  stated. 

The  present  capacity  of  the  Weismoor  Generating  Station  is  aboiit  18,000  kw. 
The  annual  consumption  of  peat  is  approximately  60,000  tons.  Eight  boilers  are  fired 
with  peat  and  four  boilers  are  fired  with  coal,  the  annual  coal  consumption  being 
about  30,000  tons. 

Considerable  quantities  of  peat  have  been  used  in  Germany  for  steam  generation 
and  for  other  industrial  purposes.  In  order  to  use  the  peat  to  the  best  advantage, 
much  experimental  work  has  been  done  with  a  view'  to  designing  grates  and  furnaces 
suitable  for  various  grades  of  peat. 

The  most  efficient  furnaces  evolved  for  steam  boilers  would  appear  to  be  those 
of  the  step  grate  type,  the  grate  usually  being  inchned  at  about  36°  to  the  horizontal, 
and  so  arranged  that  two  or  more  furnaces  may  be  fixed  parallel,  these  being  fed 
alternately  from  hoppers  fixed  above. 

Another  type  of  furnace  to  which  Hausding  refers  as  having  given  good  results 
is  similar  to  a  type  which  has  been  extensively  used  in  Great  Britain  for  the  past 
twenty-five  years  for  the  burning  of  towns’  refuse,  this  being  a  furnace  having  two 
or  more  separate  ashpits  with  a  continuous  grate  and  common  furnace  chamber. 

Generally  it  would  appear  that  ordinary  flat  grates  are  useless,  and  that,  having 
in  mind  the  various  grades  of  peat  used  and  their  variation  in  density,  it  is  necessary 
to  devote  close  attention  to  the  requirements  of  particular  grades  of  peat,  both  in 
regard  to  the  most  suitable  grate  area  and  furnace  dimensions. 

The  various  peat  furnaces  which  are  used  in  Germany  for  steam  generation 
and  for  other  industrial  purposes  are  frdly  discussed  in  a  very  useful  work  by 
Francis  Kauls.^ 

Italy. — For  some  few  years  past  a  large  peat  producer  plant  has  been  in  operation 
at  Orentano,  Tuscany.  This  plant  has  an  annual  consumption  of  about  30,000 
metric  tons,  and  is  operated  by  L’Utilhzziazione  dei  Combustibile  Italiani 
E.  L’Impianto  de  Orentano.  The  peat,  which  has  an  initial  moisture  content  of 
about  77  per  cent.,  is  dried  down  to  about  30  per  cent,  moisture,  and  is  gasified  in 
Mond  producers. 

Sweden. — In  Sweden  peat  has  been  regarded  as  an  important  fuel,  and  much 
research  and  experimental  work  has  been  done  with  a  view  to  its  efficient  utilisation 
for  steam  generation,  etc. 

Peat  development  has  for  many  years  past  been  subsidised  by  the  Swedish 
1  “  Handbuch  der  Trocken  und  Brenn-ofen,”  by  Francis  Rauls,  Cologne,  1915. 
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Government.  Facilities  have  also  been  provided  for  the  training  of  peat  engineers. 
The  reputation  of  Swedish  trained  peat  engineers  is  such  that  for  all  important 
development  work  their  services  are  regarded  as  essential. 

In  1916  the  Swedish  Boiler  Control  carried  out  an  extensive  series  of 
evaporative  tests  for  a  Eoyal  Commission  at  the  Electricity  Works  of  Hdganas 
Billesholms-A.B.  with  Pluto  mechanical  stokers,  fired  with  peat.  These  mechanical 
stokers  are  described  and  illustrated  elsewhere. 

These  tests  were  made  with  a  water  tube  boiler  having  208  sq.  metres  of  heating 
surface,  and  a  superheater  having  36  sq.  metres  of  heating  surface.  The  Pluto 
mechanical  stoker  had  a  total  grate  area  of  10-2  sq.  metres,  the  effective  grate  area 
being  8-7  sq.  metres,  and  was  originally  installed  for  burning  coal. 

The  peat  used  was  machine  peat  from  the  Emmaljounga  moor,  and  was  dug  in 
1915.  Before  firing  it  was  broken  up  into  3-in.  cubes,  the  analysis  being  as  follows  ; — 

Volatile  matter  .....  =52-3  per  cent. 

Ash . .  3-7  „ 

Moisture  ......  -24-6  ,, 

Lower  heating  value  .  .  .  .  =3600  calories. 

The  primary  purpose  of  the  tests  was  to  determine  (a)  the  efficiency  of  the 
ignition,  (6)  the  boiler  evaporation,  and  (c)  the  thermal  efficiency  of  the  boiler  and 
superheater. 

During  the  first  test,  although  the  grate  was  working  at  its  highest  speed  this  was 
found  to  be  insufficient,  and  it  was  impossible  to  feed  a  sufficient  quantity  of  peat. 
It  was,  however,  shown  that  the  peat  was  quickly  ignited  and  the  rate  of  combustion 
was  high.  The  evaporation  was  at  the  rate  of  16-2  kg.  per  sq.  metre  of  heating 
surface  per  hour. 

For  the  second  test  the  speed  of  the  stoker  was  increased,  with  a  proportionate 
increase  in  the  rate  of  evaporation,  which  was  25-5  kg.  per  sq.  metre  of  heating 
surface,  or  174  kg.  per  sq.  metre  of  grate  area.  The  average  COg  content  of  the 
gases  was  15-8  per  cent.,  and  the  thermal  efficiency  70-2  per  cent. 

AVith  a  view  to  determining  if  the  evaporative  output  could  be  further  increased 
a  third  test  was  made,  with  a  higher  grate  speed  and  a  constant  fire  thickness  of 
310  mm.,  with  the  result  that  the  rate  of  combustion  was  increased  to  211  kg.  per 
sq.  metre  of  grate  surface  per  hour,  the  COg  content  in  the  gases  being  16-2  per  cent, 
and  the  thermal  efficiency  70  per  cent. 

Throughout  the  tests  the  thermal  efficiency  varied  from  70  per  cent,  to  73-4 
]ier  cent.,  with  a  high  percentage  of  COg  in  the  gases.  The  performance  of  the  Pluto 
stoker  is  particularly  iroteworthy  having  in  mind  that  the  same  arrangement  of 
stoker  and  brickwork  was  sriitable  for  burning  coal,  the  only  alteration  made  being 
in  the  speed  of  the  grate  movement. 

As  already  observed,  the  future  development  of  peat  on  any  extensive  scale 
will  depend  mainly  upon  the  provision  of  economic  means  for  the  reduction  of  the 
moisture  content.  In  a  reasonably  dry  condition  it  is  a  valuable  fuel,  the  main 
disadvantage  of  which  is  its  bulk. 


PEAT 


SI 


In  the  past,  whenever  the  cost  of  coal  has  been  considerably  increased,  and  also 
as  the  result  of  periodical  extreme  shortage,  there  has  been  a  spasmodic  revival  of 
interest  in  the  development  and  use  of  peat.  There  are,  however,  signs  that  the 
present  revival  of  interest  in  peat  production  will  be  of  a  much  more  permanent 
nature,  and  that  in  some  of  the  coalless  countries,  where  peat  is  available,  this  fuel 
will  be  used  to  a  greater  extent  than  hitherto. 

An  extended  period  of  coal  shortage  and  high  prices  has  had  the  effect  of 
stimulating  activity  in  the  development  of  such  natural  fuels  as  are  available  in 
some  countries,  just  in  the  same  way  that  in  many  other  counti'ies  a  great  impetus 
has  been  given  to  the  development  of  hydro-electric  power. 
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CHAPTER  V 


COKE  BREEZE 

Coke  breeze  or  screenings  from  the  large  coke,  when  withdrawn  from  retorts  or  coke 
ovens,  is  now  very  extensively  used  for  steam  generation,  and  also  for  other  purposes. 

Until  within  recent  years  it  has  been  generally  classified  as  a  low  grade  or  waste 
fuel,  and  of  but  doubtful  value,  but  as  the  result  of  its  very  extensive  and  successful 
use  for  steam  generation  in  gas-works,  it  was  gradually  adopted  in  industrial  works 
for  the  same  purpose,  where  the  conditions  were  suitable,  vuth  equally  satisfactory 
results.  Twenty  years  ago  large  quantities  of  surplus  coke  breeze  were  constantly 
available  at  gas-works  in  all  parts  of  Great  Britain,  the  price  var}ung  from  Is.  to 
5s.  per  ton,  whereas  at  the  present  time  the  demand  is  so  considerable  that  the  price 
at  some  works  approximates  to  that  of  slack  coal  of  average  cpiahty,  and  generally 
speaking  all  breeze  made  is  readily  sold. 

As  the  result  of  screening  and  grading  coke  breeze  for  sale  for  particular  purposes, 
to  a  large  extent  that  which  was  known  as  rough  or  unscreened  breeze,  var^ung  in 
size  from  Ij-in.  cube  to  dust,  is  no  longer  obtainable. 

Rough  coke  breeze  was  an  excellent  fuel  for  steam  generation,  its  calorific  value 
and  ash  content  being  often  equivalent  to  that  of  a  bituminous  slack  sold  at  from 
two  to  three  times  its  cost  per  ton. 

The  screening  and  sizing  or  grading  of  coke  breeze  is  now  common  practice, 
vuth  the  result  that  the  term  coke  breeze  is  very  indefinite.  In  the  case  of  the 
smaller  gas-works,  where  little  or  no  screening  is  done,  it  may  mean  rough  or 
rrnscreened  breeze  ;  irr  other  works  it  may  mean  frrel  which  has  passed  a  |-inch  or 
j-in.  irresh  screen,  containing  a  very  considerable  proportion  of  dust. 

Not  only  does  coke  breeze  vary  considerably  in  size,  but  its  composition  varies 
vudely  according  to  the  c[uahty  of  the  coal  carbonised  and  the  type  of  carbonising 
plant  rrsed,  as  will  be  observed  from  the  following  analyses  in  Table  No.  22. 

TABLE  No.  22 


Proximate  Analyses  of  Coke  Breeze 


Gas  Works.- 
District. 

Fixed 

carbon. 

Volatile 

matter. 

Ash. 

Moisture. 

Calorific 

value 

B.T.r.s. 

Nottingham  ■  . 

63-23 

4-50 

14-17 

18-10 

9,260 

Northrrmberland  . 

64-04 

5-04 

17-81 

13-11 

9,898 

Sussex 

56-17 

4-65 

23-65 

15-33 

8,884 

Cheshire 

66-97 

11-41 

17-87 

3-75 

11,365 

Scotland 

58-36 

3-62 

15-23 

22-79 

8,611 

South  Wales 

69-77 

7-45 

20-06 

2-72 

11,297 
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TABLE  No.  22 — continued 


Coke  Ovens. 

District. 

Fixed 

Cirbon. 

Volatile 

matter. 

Ash . 

^Moisture. 

C  doritic 
value 
H.T.U.’s. 

Derbyshire  . 

48-96 

4-28 

15-28 

11-48 

10,177 

South  Wales 

63-29 

5-79 

16-10 

14-82 

9,.529 

North  Staffordshire 

61-64 

9-42 

15-61 

10-30 

10,119 

South  Yorkshire  . 

65-73 

7-85 

15-01 

10-81 

10,260 

West  Yorkshire  . 

76-90 

2-99 

18-62 

1-49 

11,191 

Recent  analyses  of  gas-works  coke  breeze  from  Doncaster,  Gosport,  and  Swansea 
gave  the  following  results  : — 


Doncaster. 

Gosport. 

Swansea. 

Date  of  Analysis. 

.July  1922. 

October  1922. 

.June  1923. 

As 

As 

As 

As 

As 

As 

received. 

dried. 

received. 

dried. 

received 

d  ried . 

Volatile  matter 

6-34 

6-52 

7-01 

7-72 

8-94 

10-96 

Coke  .... 

90-85 

93-48 

83-79 

92-28 

72-63 

89-04 

Ash  .... 

15-86 

16-32 

24-74 

27-25 

17-77 

21-78 

Fixed  carbon  . 

74-99 

77-16 

.59-05 

65-03 

.54-86 

67-26 

Free  moisture  . 

.  , 

6-36 

.  , 

15-21 

Hygroscopic  moisture 

2-81 

2-84 

3-22 

.  . 

Calorific  value  B.T.U.’s 

12,102 

12,765 

9572 

10,905 

9203 

11,630 

Carbon  equivalent  B.T.U.’s 

12,175 

.  . 

10,585 

11, .381 

Evaporative  power  (lbs.  of 

water  per  lb.  of  fuel  from 

and  at  212°  F.) 

12-53 

13-21 

9-91 

11-28 

9-52 

12-04 

As  a  general  rule  the  calorific  value  of  coke  breeze 

varies  from  8500 

to  10,500 

B.T.U.’s  per  lb.,  the  ash  and  moisture 

content 

usually  varying 

from  10 

per  cent. 

to  15  per  cent. 

Owing  to  the  method  adopted  of  quenching  the  hot  coke  as  withdrawn  from 
the  retorts,  coke  breeze  hke  coke  absorbs  a  considerable  cjuantity  of  moisture, 
which  as  the  result  of  the  physical  structure  of  the  fuel  is  mechanically  held.  The 
percentage  of  moisture  thus  held  is  one  of  the  most  serious  objections  to  the  use 
of  coke  breeze  as  a  fuel,  and  it  is  very  desirable  that  improved  methods  of  quenching 
or  coohng  should  be  introduced.  Many  steam  users  strongly  object  to  the  pur¬ 
chase  of  from  180  to  336  lbs.  of  water  with  every  ton  of  coke  breeze  ;  actually 
this  has  to  be  paid  for  twice,  because  not  only  does  it  represent  a  definite  loss  of 
weight  in  fuel  with  every  ton  purchased,  but  extra  fuel  has  to  be  burned  to  drive 
ofi  the  moisture. 

When  used  for  the  firing  of  steam  boilers  small  coke  breeze  makes  a  close 
lying  and  compact  fire,  the  bed  of  fuel  presenting  considerable  resistance  to  the 
flow  of  air,  which  preferably  shordd  be  uniformly  distributed  at  a  pressure  of  from 
^  in.  to  I  in.  W.G. 
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The  author  is  well  aware  that  pressures  in  excess  of  this  are  now  much  advocated, 
and  that  rates  of  combustion  of  from  30  to  40  lbs.  of  fuel  per  sq.  foot  of  grate  per 
hour  are  claimed,  but  while  such  results  are  practicable,  they  involve  the  carrying- 
forward  of  excessive  quantities  of  dust  and  partially  consumed  fuel  into  the  flues. 

The  best  authorities  are  agreed  that  a  rate  of  combustion  of  25  lbs.  per  sq.  ft.  of 
grate  per  hour,  which  has  been  conclusively  estabhshed  as  the  most  efficient  rate  of 
combustion  for  coal,  should  be  the  maximum  rate  of  combustion  for  coke  breeze. 

If  this  average  rate  of  combustion,  which  may  be  termed  the  permissible  rate, 
is  exceeded,  trouble  is  invariably  experienced  as  the  result  of  “  lifting,”  and  carrying- 
over,  of  excessive  quantities  of  unburnt  and  paidially  burnt  fuel  and  dust  into 
the  flues,  causing  rapid  choking,  reduced  heating  surface,  restricted  areas,  and 
back  draught,  wdth  a  consequent  decreasing  efficiency.  Further,  it  has  been  found 
that  slow  combustion  sometimes  proceeds  in  the  flame  bed  of  the  boiler  for  many 
weeks,  involving-  a  serious  risk  of  overheating-  and  bulging  or  distortion  of  the  boiler 
shell  plates,  while  also  presenting-  very  dangerous  conditions  for  flue  cleaning. 

High  rates  of  combustion  have  been  and  still  are  employed,  in  order  to  show 
that  vhth  a  particular  type  of  furnace  an  internally  flred  boiler  with  a  limited 
grate  area  vdll  give  vdth  coke  breeze  a  rated  evaporation  equivalent  to  that 
obtainable  "with  the  best  steam  coal. 

In  seeking-  to  prove  this  there  is  no  regard  whatever  for  the  relative  thermal 
efficiencies  obtained,  which  under  such  conditions  vdth  coke  breeze  may  be  as  low 
as  from  55  per  cent,  to  60  per  cent.,  as  against  65  to  70  per  cent,  obtained  at  the 
most  efficient  rate  of  combustion. 

Referring-  to  the  utilisation  of  coke  breeze  for  the  generation  of  steam,  in  a 
paper  ^  entitled  “  The  Production  of  Steam  from  Low  Grade  Fuel,”  Mr  P.  Parrish, 
A.I.C.,  expressed  the  following-  opimon  : — 

“  A  Lancashire  boiler  which  is  capable  of  evaporating-  say  600  gallons  of  water 
per  hour  vdth  best  steam  coal  is  incapable  of  being  worked  -with  coke  breeze  at  a 
maximiun  thermal  efficiency  above  a  productive  capacity  of  400  gallons  per  hour.” 

As  the  result  of  exhairstive  experiments  "with  coke  breeze  for  the  generation  of 
steam  Mr  Parrish  was  able  to  show  that  the  most  efficient  grate  area  for  a  Lancashire 
boiler  8  ft.  in  diameter  was  26  scp  ft.,  whereas  the  standard  grate  area  usually  pro¬ 
vided  and  strongly  advocated  would  be  38  sq.  ft.,  i.e.  6  ft.  x3  ft.  2  in.  x2  ft. 
Further,  that  the  thickness  of  the  fires  should  be  from  6  in.  to  8  in.  Tliinner  fixes 
are  imsuitable  owing  to  the  tendency  to  develop  “  blow  holes.” 

The  grate  area  and  the  thickness  of  the  fuel  bed  are  both  points  of  considerable 
importance  in  the  efficient  combustion  of  coke  breeze.  Although  there  has  been 
a  tendency  to  recommend  a  fire  thickness  of  from  1  ft.  6  in.  to  2  ft.,  those  who 
have  had  experience  in  the  burning  of  close-lying  fuels,  often  having  a  liigh  ash 
and  moisture  content,  will  be  well  aware  that  the  conditions  presented  for  com¬ 
bustion,  and  the  effective  cleaning  of  the  fire,  cannot  be  regarded  as  satisfactory. 

Mr  Parrish  found  that  by  reducing  the  length  of  the  grate  to  the  extent  of 

^  “  The  Production  of  Steam  from  Low  Grade  Fu.l,”  by  P.  Parrish,  A.I.C.,  Journal  of  the  Society 
of  Chemical  Industry,  July  31,  1919. 
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about  20  per  cent.,  that  the  temperature  of  the  exit  gases  was  reduced  from  310°  C. 
to  240°  C.,  that  a  lesser  quantity  of  fuel  was  consumed,  that  the  capacity  or 
evaporative  output  of  the  boiler  was  unimpaired,  and  that  the  chimney  draught 
was  not  adversely  affected. 

The  following  results  with  coke  breeze  were  obtained  over  a  period  of  three 
months  at  Phoenix  Wharf,  London,  and  are  included  in  the  valuable  paper  l)y 
Mr  Parrish,  which  has  already  been  referred  to  : — 


TABLE  No.  23 


Coke  breeze  burned 

Moisture 

Ash  .... 

Carbon  (by  difference) 

Calorific  value  (calculated) 
Volume  of  softened  water 
Less  water  blown  do\vn  . 

Volume  of  water  evaporated  . 
Volume  of  water  evaporated  per 
of  fuel  .... 
Temperature  of  feed  water 
Average  steam  pressure  . 
Thermal  efficiency 


412-3  tons 

Analysis 

10-30  per  cent. 

29-31  „ 

60-39  „ 

8800  B.T.U.'s.  per  lb, 
=480,010  gals. 

=  17,030  „ 

=462,980  „ 

=5-0  lbs. 

=55-5°  C.=130°  F. 
=99  lbs.  absolute. 
=61-5  per  cent. 


Loss  due 

Ash  in  fuel  . 

True  ash  in  dry  clinker  . 
Chnker  per  lb.  of  fuel 
Carbon  in  dry  chnker 
Loss  of  carbon  in  0-335  lb. 
Loss  of  carbon  based  on 
carbon  . 


to  unhurnt  clinker 

=29-31  per  cent. 
.  =87-50  „ 

.  =0-335  lb. 

=  12-5  per  cent, 
clinker  =0-049  lb. 
0-6039  lb. 

=20-4  per  cent. 


The  boiler  used  for  this  test  was  of  the  Lancashire  t}q)e,  27  ft.  long  x  8  ft.  in 
diameter.  The  average  rate  of  combustion  woidd  appear  to  have  been  about 
30  lbs.  per  sq.  ft.  of  grate  per  hour. 

While  the  evaporative  results  as  given  above  over  a  period  of  three  months 
with  a  dirty  fuel  are  exceedingly  good,  the  following  average  results  of  631  steam 
trials  of  coke  breeze  by  Mr  T.  W.  Andrews  present  in  very  compact  form  conclusive 
and  valuable  evidence  as  to  the  fuel  value  of  coke  breeze. 

In  comparing  the  fuel  efficiency  with  that  shown  in  the  above  figures  it  is 
interesting  to  note  not  only  the  average  calorific  value  of  the  coke  breeze  as  fired, 
but  also  the  comparative  rates  of  combustion,  the  rate  of  evaporation  and  thermal 
efficiency  being  practically  the  same  in  each  case. 
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The  grate  area,  which  is  given  as  44-2  sq.  ft.,  indicates  that  grates  7  ft.  long 
were  nsed.  This  length  of  grate  is  excessive  for  hand  firing,  and  is  very  difficult 
to  keep  evenly  covered.  The  only  apparent  advantage  reahsed  is  in  reducing  the 
rate  of  combustion.  The  average  rate  of  evaporation  shown  agrees  substantially 
with  the  conclusions  of  Mr  Parrish,  and  is  considerably  below  the  rated  evaporation 
of  a  Lancashire  boiler  of  the  size  in  question.  Average  result  of  631  steam  trials.^ 

TABLE  No.  24 

Particulars  of  Boilers — • 


Type . 

Lancashire. 

Size  ....... 

28  ft.  long  X  8  ft.  diameter. 

Heating  surface  ..... 

1,180  sc{.  ft. 

Grate  area  ...... 

44-2  „ 

Draught  ...... 

Forced. 

Conditions  of  Evaporation — 

Temperature  of  feed  .... 

62°  Fahr. 

Steam  pressrtre  (absolute) 

91-5  lbs. 

Heat  supphed  to  each  lb.  of  water 

1,149-8  B.T.U. 

Factor  for  equivalent  evaporation 

1-19 

Quantity  of  Fuel  Burned — 

Total  weight  in  lbs.  .... 

6,750  lbs. 

Weight  per  hour  in  lbs.  .... 

844  „ 

Weight  burned  per  sq.  ft.  of  grate  per  hour  . 

19-1  „ 

Calorific  value  per  lb.  as  fired  . 

9,650  B.T.U. 

Quantity  of  Water  Evaporated  {actual) — 

Total  quantity  evaporated  in  lbs. 

34,814  lbs. 

Quantity  evaporated  per  hour  in  lbs. 

4,352  „ 

Quantity  evaporated  per  scp  ft.  of  heating 

surface  per  hour  in  lbs. 

3-69  „ 

Quantity  evaporated  per  lb.  of  fuel  as  fired 

in  lbs.  ...... 

5-15  „ 

Equivalent  Quantity  of  Water  Evaporated — • 

Total  equivalent  evaporation  from  and  at 

212°  F.  in  lbs . 

41,428  Its. 

Total  equivalent  evaporation  per  hour  in  lbs. 

5,178  „ 

Total  ec^uivalent  evaporation  per  sq.  ft.  of 

heating  surface  per  hour  in  lbs. 

4-39  „ 

Total  equivalent  evaporation  per  lb.  of  fuel 

as  fired  in  lbs.  ..... 

6-12  „ 

Thermal  efficiency  ..... 

61-3  per  cent. 

^  “  Fuel  Economy  on  Gas  Works  Boilers,”  by  Mr  T.  W.  Andrews,  South  Metropolitan  Gas 
Company.  Paper  read  before  London  and  Southern  District  Junior  Gas  Association,  Dec.  15th,  1922. 
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Although  under  certain  favourable  conditions,  and  with  a  greatly  reduced 
evaporative  output,  it  is  possible  to  use  coke  breeze  for  steam  generation  under 
natural  or  chimney  draught  alone,  for  its  efficient  utilisation  the  use  of  artificial 
draught  is  essential. 

For  the  past  thirty  years  hand  fired  furnaces  of  the  steam  jet  blower  tvpe  have 
been  extensively  used  for  the  burning  of  coke  breeze,  it  may  in  fact  be  said  that 
upwards  of  95  per  cent  of  the  breeze  furnaces  now  in  use  are  of  this  type. 

^Vhile  many  fuels  can  be  more  efficiently  burned  with  fan  forced  draught,  i.e.  a 
dry  air  supply,  there  can  be  no  doubt  that  the  most  efficient  results  are  obtained  from 
coke  breeze  when  using  an  air  supply  carrying  moisture  ;  it  is  for  this  reason  that 
steam  jet  blower  furnaces  are  almost  universally  used  for  the  burning  of  coke  breeze. 

For  an  installation  comprising  more  than  one  boiler  in  constant  use,  there  is 
no  doubt  that  in  the  actual  consumption  of  steam  for  the  delivery  of  the  air  supply, 
fan  forced  draught  is  the  more  economical.  There  are,  however,  other  considerations, 
such  as  simplicity,  reliabihty,  maintenance  cost,  and  capital  cost,  all  of  which 
are  in  favour  of  the  steam  jet  blower  furnace.  Further,  with  this  type  of  furnace 
two  outstanding  advantages  are  secured  as  the  result  of  using  a  moist  air  supply  : — - 

(a)  The  clinker  does  not  adhere  to  the  grate,  and  may  be  removed  with  much 
less  effort,  and 

(h)  The  grates  have  a  much  longer  life  than  is  the  case  when  dry  air  is 
employed. 

The  essentials  of  an  efficient  hand  fired  breeze  furnace  may  be  briefly  stated 
as  follows  : — 

(1)  The  grate  should  be  so  designed,  the  air  spacing  so  arranged,  and  the  air 

supply  so  delivered,  that  the  undergrate  air  pressure  is  equally  distributed. 

(2)  The  grate  should  preferably  be  suitable  for  use  under  ordinary  chimney 

draught  conditions,  in  order  to  meet  light  load  requirements  when  desired 
without  damage. 

(3)  The  ashpit  should  be  clear  and  unobstructed  so  as  not  only  to  be  suitable 

for  w'orking  under  chimney  draught,  but  also  to  avoid  possible  trouble 
due  to  condensation,  corrosion,  and  wastage  of  the  plates. 

(4)  The  steam  jet  blowers  should  be  designed  to  give  a  definite  air  deliv^ery 

under  given  conditions. 

(5)  Steam  jet  blowers  should  be  noiseless  in  operation.  The  noise  from  ordinary 

open  undergrate  blowers  is  most  objectionable  and  quite  unnecessary. 

(f))  Haffing  in  mind  the  nature  of  the  work  which  has  to  be  done,  the  whole 
furnace  should  be  of  the  most  substantial  and  durable  construction. 

Generally  speaking,  steam  jet  blower  furnaces  may  be  classified  in  three 
distinct  groups  :  (a)  Undergrate  blower  furnaces,  with  which  system  the  blowers 
are  arranged  in  the  ashpits  immediately  beneath  and  parallel  with  the  grates  ; 

(6)  pressure  bar  furnaces  using  segmental  channel  or  other  hollow  firebars,  with  a 
separate  steam  jet  for  the  supply  to  each  firebar  or  air  channel ;  (c)  external  blower 
or  noiseless  furnaces,  with  which  system  the  blowers  are  arranged  vertically  and 
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externally,  the  ashpit  being  free  from  any  obstruction.  In  Figs.  30,  31,  and  32 
are  shown  the  three  types  of  steam  jet  blower  furnaces  above  referred  to. 


Fig.  30. — Type  of  Steam  Jet 
Blower  Forced  Draught 
Furnace,  as  used  for  Burn¬ 
ing  Coke  Breeze. 


Fig.  31. — Type  of  Steam  Jet  Blower  Forced  Dr.aught  Furnace, 
AS  used  for  Burning  Coke  Breeze. 


In  so  far  as  the  actual  working  efficiency  is  concerned,  despite  all  claims  to  the 
contrary,  there  is  but  little  if  any  material  difference  between  the  three  classes. 

The  fuel  can  be  burned  at  equal  rates  with  an  equivalent  efficiency  with  either 
class.  The  outstanding  diiferences  are  found  in  the  method  of  air  delivery,  and  in 
the  type  and  arrangement  of  the  grate  ;  apart  from  these  features  the  choice  lies 


Fig.  32. — Type  of  Noiseless  Steam  Jet  Blower  Forced  Draught  Furnace, 
as  used  for  the  Burning  of  Coke  Breeze. 


between  a  single  air  chamber  or  a  number,  and  the  constant  noise,  which  is  a  feature 
of  all  open  undergrate  blowers,  or,  on  the  other  hand,  noiseless  operation. 

As  already  observed  with  Lancashire  and  Cornish,  or  internally  fired  boilers, 
which  are  mainly  used  both  in  gas  works  and  in  other  industries  utilising  coke 


to 
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breeze,  the  evaporative  output  is  reduced  as  tlie  residt  of  a  necessarily  restricted 
grate  area,  and  a  limited  rate  of  combustion. 

With  the  adoption  of  larger  steam  generating  units  in  the  form  of  water  tube 
boilers,  equipped  with  mechanical  stokers  suitable  for  burning  coke  breeze,  it  has 
been  shown  that  with  this  fuel  when  used  with  grates  of  ample  area  it  is  j)ossible  to 
obtain  the  full  rated  evaporative  output  from  a  boiler,  with  a  rate  of  coml)ustion 
varying  from  25  to  28  lbs.  of  fuel  per  sq.  ft.  of  grate  per  hour. 

The  following  figures  of  evaporative  tests  with  travelling  grate  stokers  of  the 
Underfeed  Stoker  Company’s  make  are  of  much  interest,  having  in  miiul  the  low 
calorific  value  of  the  breeze  and  the  percentages  of  ash  and  moisture  - 

TABLE  No.  25 


Evaporative  Tests  with  Underfeed  Travelling  Grate  Stokers  burning  Coke  Breeze 


i  Glasgow 

1  Corporation 

1  Gas 

Department. 

Mai-ylebone 

Electricity 

Works, 

London. 

Bristol 
Corporat  ion 
Electricity 
Works. 

’  1 

Priest  man 
Colliery 
Limited. 

Fuel. 

Gas 

Coke 

Breeze. 

Coke 

Breeze. 

Coke 

Breeze. 

Coke  Oven 
Breeze. 

Analysis  1  Ash  %  • 

13-4 

25-03 

23-4 

of  1  Volatile  %  . 

6-97 

3-83 

6-82 

Fuel  J  Moisture  %  .... 

18-41 

17-6 

13-68 

16-65 

B.T.U.  as  fired . 

8832 

8126 

8927 

8700 

Duration  of  test,  hours  .... 

6 

4 

6 

6 

full  load 

Steam  pressure  ...... 

138 

199 

200 

149 

Draught  gauge  at  damper  mches  W.G.  . 

1-5 

0-32 

0-3 

Absolute  steam  pressure  .... 

214-7 

208-7 

Air  pressure  in  wind  box  .... 

0-6 

.  . 

Gases  leaving  boiler  Fahr.  .... 

445° 

52i° 

552° 

520° 

Feed  water  entering  boiler  .... 

162-6° 

90° 

240° 

171-2° 

Steam  temperature  Fahr.  .... 

572° 

538° 

.525-4° 

Superheat  deg.  Fahr.  ..... 

100° 

184-7° 

150° 

140-1° 

Total  fuel  consumed,  lbs.  .... 

14,952 

19,264 

7504 

Total  refuse  dry,  lbs.  ..... 

4956 

1764 

Total  refuse  dry,  percentage  by  analysis 

25-72  % 

OQ.4.  O' 

-t  Q 

Fuel  as  fired  per  hour  lbs.  .... 

2433 

3738 

3211 

1250 

Fuel  as  fired  per  square  foot  of  grate,  lbs. 

25-2 

28-5 

28-16 

21 -1 

CO  2  in  gases  leaving  boiler  .... 

12-5  % 

14.  0 
/O 

13% 

9-43  % 

Total  weight  of  water  used,  lbs. 

71,200 

116,000 

38,097 

Factor  of  evaporation  boiler  mcluding  super- 

heater  ....... 

1-156 

1-287 

Ml 

1-177 

Total,  from  and  at  212  deg.  Fahr.  includmg 

superheater,  lbs.  ..... 

128,760 

Amomit  used,  lbs.  ..... 

17,800 

19,333 

6349-5 

Evaporation  from  and  at  212  deg.  Fahr.  in- 

eluding  superheater,  lbs.  .... 

17,012 

21,459 

Evaporation  per  pound  actual,  lbs. 

6-04 

4-76 

6-02 

5-077 

Equivalent  evaporation  from  and  at  212  deg. 

Fahr.  including  superheater,  lbs. 

7-00 

6-12 

6-68 

5-97 

Evaporation  from  and  at  212  deg.  Fahr.  per 

square  foot  of  heating  surface,  lbs. 

4-16 

3-97 

.  .  i 

j  Efficiency  ....... 

76-7  °o 

72-7  % 

72-36  % 

66-3  %  j 

90  UTILISATION  OF  LOW  GRADE  AND  WASTE  FUELS 


The  following  figures  of  an  evaporative  test  of  twenty-four  hours’  duration  at 
Temple  Gas  Works,  Glasgow  Corporation  Gas  Department,  with  a  Babcock  &  Wilcox 
boiler  and  chain  grate  stoker,  show  excellent  all  round  results  with  unscreened  coke 
breeze  :  — 


TABLE  No.  26 

Evaporative  Test  of  Babcock  &  Wilcox  Boiler  and  Chain  Grate  Mechanical  Stokers 
ivith  Balanced  Draught,  at  Glasgow  Corporation  Gas  Department,  Temple  Gas  Works 


grate  area 


Total  heating  surface 
Stoker  grate  area 
Ratio  of  heating  surface  to 
Duration  of  Test 
Fuel 

Size — Over  \  in.  to  |  in. 

,,  J  in.  to  \  in. 

,,  I  in.  to  I  in. 

Under  in. 

Total  quantity  fired  . 

Consumed  per  hour  (wet) 

Consumed  per  sq.  ft.  of  grate  per  hour  (wet) 

Consumed  per  hour  (dry)  .... 

Consumed  per  sq.  ft.  of  grate  per  hour  (dry) 

Combustible  consumed  per  hoiu  . 

Combustible  consumed  per  sq.  ft.  of  grate  per  hour 
Riddlings  .... 

Thickness  of  fire 
Average  steam  pressure 
Temperature  of  water  (well) 

Total  water  evaporated 
Average  evaporation  per  hour  actual 
Equivalent  evaporation  per  hour,  from  and  at  212 
Evaporation  per  lb.  of  fuel,  actual 
Evaporation  per  lb.  of  fuel  from  and  at  212°  F 
Factor  of  evaporation 
Draught  . 

In  blast  flue 
In  ashpit 
At  rear  fire  door 
Thermal  efficiency 

The  machine  firing  of  coke  breeze  alone  in  internally  fired  boilers,  unless  with  a 
stationary  grate,  and  the  removal  of  clinker  by  hand,  is  not  a  satisfactory  system 
of  firing,  owing  to  the  low  volatile  content  of  the  fuel. 

^  “  The  Manufacture  of  Water  Gas,”  by  Mr  James  Hall.  Paper  read  before  the  Scottish  Junior 
Gas  Association,  Western  District,  January  1923. 


F. 


25.31  sq.  ft. 

70 

36-2  to  1 
24  hours 

Unscreened  coke  breeze 
15-4  per  cent. 

42-3  „ 

23- 1  „ 

19-2 

40,320  lbs. 

1,680  „ 

24- 0  „ 

1,328  „ 

18-97  „ 

1,010  „ 

14G  „ 

3  per  cent. 

9  ins. 

110  lbs.  per  sq.  in. 

45°  F. 

196,400  lbs. 

8,183 
9,942  „ 

4- 87 

5- 92 

1-215  „ 

Forced 

0-51 

0-31 

Balanced 
67-4  per  cent. 
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With  water  tube  boilers  two  types  of  mechanical  stokers  have  l)een  successfully 
used,  i.e.  the  travelling  grate  stoker  and  the  chain  grate  stoker,  both  of  which  are 
described  and  illustrated  in  a  subsequent  chapter  entitled  “  Furnaces  and  Firing.” 

The  outstanding  advantage  of  mechanical  stokers  of  these  types  is  in  the  slow 
and  easily  adjustable  travel  of  the  grate  and  fuel  bed,  and  its  uniform  thickness. 
Further,  while  with  hand  fired  furnaces  the  length  of  grate  for  efficient  operation  is 
limited  to  from  5  ft.  to  6  ft.,  with  these  mechanical  stokers  grates  from  14  ft.  to  IG  ft. 
long  may  be  used,  thus  very  considerably  increasing  the  grate  area  and  avoiding 
the  necessity  for  rates  of  combustion  in  excess  of  the  most  efficient  rate. 

Another  point  of  importance  is  that  the  fire  is  automatically  cleaned,  and  manual 
labour  in  the  handling  of  ash  is  entirely  eliminated. 

The  length  of  travel  of  the  fuel  at  a  slow  rate  and  at  a  uniform  thickness,  ensures 
very  complete  combustion  and  the  residual  clinker  contains  but  the  minimum  of 
carbon. 

The  use  of  a  very  small  and  graded  coke  breeze  containing  a  considerable 
proportion  of  dust  does  not  present  the  same  difficulty  as  is  experienced  in  the  hand 
firing  of  this  small  and  light  fuel,  while  the  gain  in  efficiency  as  the  result  of  working 
with  closed  doors  continually  is  a  factor  of  some  importance. 

The  following  comparative  fuel  costs  of  boilers  fired  with  coal,  coke,  and  coke 
breeze,  tabulated  by  Mr  E.  W.  L.  Eicol,  Engineer  and  Fuel  Expert  to  the  London 
Coke  Committee,  serve  to  show  not  only  the  economy  derived  by  the  use  of  breeze, 
but  also  the  high  thermal  efficiency  due  to  machine  firing ; — 

TABLE  No.  27 


Comparative  Fuel  Costs  of  Boilers  fired  with  Coal,  Coke,  and  Coke  Breeze 


1  Coal. 

1 

Coke. 

Coke  Breze. 

System  of  draught 

Natural 

Forced  (London  Coke 

Impelled 

Committee) 

System  of  stoking 

Mechanical 

Hand 

Mechanical 

Tyjte  of  boiler  .... 

Water  tube 

Lanca- 

CornLsh 

Babcock 

&  Wilcox 

shire 

Grate  surface,  square  feet 

Fuel  burned  per  square  foot  of  grate 

87-88 

36-0 

29-0 

81  0 

.50  0 

per  hour  .... 

26-9 

150 

161 

25-2 

28-28 

CO  2  percentage  .... 

8-0 

14  0 

16-0 

14-5 

11-7 

Excess  air,  percentage 

130  0 

48-0 

28-0 

43-0 

75-0 

Fuel  loss,  percentage  . 

23-0 

13  0 

110 

12-5 

16-5 

Calorific  power  as  fired  B.T.U. 
Evaporation  from  and  at  212°  F. 

12,000 

12,000 

12,000 

10,083 

9,018 

per  lb.  of  fuel  as  fired 

7-5  lbs. 

9-8  lbs. 

9-8  lbs. 

7-84  lbs. 

6-59  lbs. 

Thermal  efficiency 

Current  rates  quoted  f.a.s.  London 

60-3  % 

78-8  % 

78-8  °o 

75-1  %> 

71-01  °o> 

per  ton  ..... 
Fuel  cost  per  1000  gallons. 

45/- 

45/- 

45/- 

22, '6 

22/6 

evaporated  .... 

26/9 

20,6 

20/6 

12/10 

15B 

Financial  saving  effected 

23% 

23  % 

/O 

42  «o 

^  Boilei'  only,  no  economiser  or  superheater. 
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It  must  be  admitted  that  very  slow  progress  is  being  made  in  the  adoption  of 
water  tube  bgilers  and  machine  firing  in  the  larger  gas  works,  but  it  is  certain  that 
with  a  wider  %preciation  of  the  outstanding  advantages  of  thus  utilising  coke  breeze 
for  steam  generation,  the  internally  hand  fired  boiler  will  to  a  large  extent  be 
displaced  by  the  machine  fired  water  tube  boiler — this  change  is  inevitable. 

For  the  utilisation  of  coke  breeze  with  bituminous  slack  for  steam  generation 
in  water  tube  boilers  the  SandAvich  system  of  fuel  blending,  patented  and  introduced 
by  Mr  E.  AY.  L.  Kicol,  Engineer  and  Fuel  Expert  to  the  London  Coke  Committee, 
marks  a  distinct  advance  in  mixed  firing. 

This  simple  system,  which  is  illustrated  in  Figs.  132  and  133,  Chapter  XII.,  has 
for  its  object  the  separate  and  distinct  delivery  from  a  double  or  divided  hopper  of 
fuels  in  superimposed  layers.  From  the  inner  compartment  of  the  hopper  low  grade 
slack  coal  is  fed  by  gravity  on  top  of  a  layer  of  coke  breeze  or  coke,  first  fed  from  the 
outer  compartment  of  the  hopper. 

HaAung  determined  by  experiment  the  most  suitable  and  efficient  proportions 
of  each  fuel,  the  height  of  the  delivery  areas  is  fixed  accordingly,  and  it  is  then  only 
necessary  to  keep  the  compartments  of  the  hopper  supplied  with  the  respective  fuels. 

It  has  been  conclusively  shown  that  this  system  of  firing  coke  or  coke  breeze 
Avith  bituminous  slack  possesses  undoubted  advantages  over  indiscriminate  admixture, 
or  even  the  most  careful  admixture  of  given  proportions  of  tAVO  fuels. 

The  folloAving  comparative  test  figures  (1)  Avith  slack  and  unscreened  broken 
coke,  and  (2)  Avith  coal  only,  under  precisely  similar  conditions  AAuth  a  Babcock  & 
AVilcox  boiler  and  economiser  having  a  normal  evaporative  capacity  of  6000  lbs. 
of  Avater  per  hour,  operating  under  natural  draught,  clearly  demonstrates  the 
efficiency  and  possibilities  of  this  system  of  fuel  blending  : — 


TABLE  Xo.  28 

Test  No.  1. 


Calorific  value  as  fired  ..... 
Fuel  consumed  per  sq.  ft.  of  grate  per  hour 
Ash  and  clinker,  actual  ..... 
Average  steam  pressure  ..... 
Temperature  of  superheated  steam  . 

AAffiter  evaporated  per  hour  .... 
AVater  evaporated  per  sq.  ft.  of  heating  surface 
AA'ater  evaporated  per  lb.  of  fuel  as  fired  from 
feed  temperature  ..... 
AYater  eAmporated  per  lb.  of  fuel  from  and 

at  212°  F . 

Efficiency,  boiler  and  superheater,  . 

Efficiency,  boiler  Avith  economiser  . 

Draught  over  fire  ...... 


Unscreened 
broken  Coke 
and  Slack. 

11,138  B.T.U. 
30-66  lbs. 

16-22  per  cent. 
178  lbs. 

486°  F. 

10,505  lbs. 

5-22  lbs. 


7-18  lbs. 

9-22  lbs. 

69-9  per  cent. 
79-96  ,, 

0-25  in. 


Test  No.  2. 


Coal  only. 

12,150  B.T.U. 
31-66  lbs. 

12-7  per  cent. 
179  lbs. 

490°  F. 

8,747  lbs. 

4- 35  lbs. 

5- 76  lbs. 

7-44  lbs. 

53-12  per  cent. 
60-98 
0-25  in. 


COKE  BREEZE 


Uli 


While  coke  breeze  can  no  longer  be  regarded  as  a  waste  fuel  although  varying 
considerably  in  calorific  value,  and  ash,  and  moisture  content,  it  may  in  comparison 
with  a  large  number  of  solid  fuels  available  be  frequently  regarded  as  a  low 
grade  fuel. 

What  has  been  accomplished  with  coke  breeze  may  also  be  accomplished  with 
a  variety  of  small  and  low  grade  fuels,  which,  at  the  present  time,  are  not  extensively 
used,  and  which  from  the  point  of  view  of  calorific  value,  ash,  and  moisture  content 
present  no  great  difficulty  in  burning  than  breeze. 


CHAPTEE  VI 


TOWNS’  REFUSE  :  ITS  FUEL  VALUE 

That  miscellaneous  assortment  of  waste  material  generally  known  as  towns’  refuse, 
and  wkick  is  periodically  collected  by  the  local  sanitary  authority,  frequently  at 
a  heavy  cost,  usually  comprises  much  material  which  might  be  and  should  be 
utilised  by  the  householder  to  his  own  advantage,  and  to  the  benefit  of  the  community. 

The  methods  of  disposal  adopted  by  local  authorities  may  be  briefly  stated 
as  (1)  tipping  or  dumping  on  so-called  waste  land,  (2)  disposal  by  fire  in  refuse 
destructors,  and  (3)  recovery  of  the  saleable  material  by  mechanical  sorting,  in 
connection  with  what  are  known  as  refuse,  salvage,  or  utilisation  plants. 

It  is  true  that,  in  the  case  of  a  few  towns  on  the  seaboard,  refuse  has  been 
disposed  of  by  barging  out  to  sea  and  dumping  into  deep  water,  but  this  method  of 
disposal  has  never  been  regarded  as  satisfactory.  Pulverisation  of  refuse  and  its 
conversion  into  a  fertiliser,  has  been  advocated,  and  this  method  of  treatment  has 
been  adopted  by  a  few  local  authorities.  Tried  on  a  large  scale  on  the  Continent 
it  has  not  been  found  to  be  a  satisfactory  method  of  disposal,  mainly  because  of 
the  uncertain  demand  for  the  product. 

The  system  which  is  still  employed  to  a  large  extent  in  Great  Britain,  is  the 
tipping  or  dumping  of  refuse  on  land.  It  is,  however,  not  proposed  to  discuss  this 
method  of  disposal  which  involves  questions  of  sanitation  and  hygiene,  which  do 
not  come  within  the  scope  or  purview  of  this  work.  Disregarding  the  sanitary 
aspect  of  refuse  disposal,  the  refuse  tip  or  dump  will  be  considered  from  the  point 
of  view  of  its  value  as  a  low  grade  fuel,  which  has  been  extensively  used  to  dis¬ 
place  coal,  and  which  might  and  should  be  used  to  a  far  greater  extent  for  this 
purpose. 

It  has  been  estimated  that  local  authorities  in  Great  Britain  collect  every  year 
with  house  refuse  from  2|  to  3  million  tons  of  cinder  and  recoverable  coal,  a  large 
proportion  of  which  is  dumped  to  waste.  This  may  be  said  to  be  equivalent  in 
calorific  value  to  from  500,000  to  600,000  tons  of  good  house  coal  per  annum.  In 
other  words,  if  this  fuel  were  used  by  those  who  throw  it  away,  the  net  result  would 
be  an  annual  saving  of  from  500,000  to  600,000  tons  of  household  coal. 

It  cannot  be  too  strongly  emphasised  that  the  value  of  a  refuse  destructor  from 
the  point  of  view  of  steam  generation  is  to  a  large  extent  determined  by  the 
proportion  or  percentage  of  wasted  household  fuel  contained  in  the  refuse.  Similarly 
the  revenue  derived  from  the  mechanical  sorting  of  refuse  is  affected  to  no  small 
extent  by  the  weight  of  saleable  fuel  recovered  therefrom  and  its  condition.  In  this 
chapter  it  is  proposed  to  discuss  the  refuse  destructor  more  particularly  from  the 
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point  of  view  of  the  utilisation  of  the  waste  heat  for  the  generation  of  steam,  wliile 
in  a  subsequent  chapter  the  recovery  of  fuel  from  waste  will  be  discussed. 

Nearly  half  a  century  has  passed  since  the  late  Mr  Alfred  Fryer  introduced  the 
refuse  destructor  as  a  means  of  final  disposal  of  refuse.  Actually  the  first  destructor 
cells  or  furnaces  were  built  and  put  into  operation  at  the  Water  Street  Depot  of 
Manchester  Corporation  in  1876,  and  it  is  believed  that  these  were  in  use  up  to  191 ’2, 
or  even  later. 

As  the  earlier  destructor  furnaces  have  been  exhaustively  discussed  in  various 
text  books,  a  brief  description  will  now  suffice.  The  cells  or  furnace.s  were  arranged 
either  in  a  single  row  comprising  two  or  more  furnaces,  or  back  to  back,  the  gases 
passing  direct  from  the  furnaces  into  a  main  flue  leading  to  the  chimney. 

In  the  case  of  the  smaller  installations  the  main  flue  was  arranged  at  the  rear 
and  beneath  the  furnace.  With  plants  of  larger  capacity,  where  the  furnaces  were 
arranged  back  to  back,  the  main  flue  was  set  at  right  angle  to  the  grates,  between 
and  underneath  the  furnaces. 

Each  cell  was  completely  isolated  from  the  adjoining  cell,  discharging  its  gases 
into  a  common  main  flue. 

The  furnaces  being  operated  under  chimney  or  natural  draught  conditions, 
and  the  refuse  being  charged  in  at  the  top  in  considerable  quantities  at  a  time,  the 
furnace  temperature,  as  also  the  main  flue  temperature,  was  too  low  to  ensure 
satisfactory  combustion,  with  the  result  that  complaints  of  objectionable  discharge 
from  chimneys  were  frequent. 

With  a  view  to  eliminating  or  minimising  the  offensive  discharge  from  destructor 
chimneys  a  device  was  introduced  which  was  known  as  the  “  Fume  Cremator.” 
This  comprised  a  small  coke  fired  furnace,  which  was  built  in  the  main  flue,  at  a 
convenient  point  between  the  destructor  furnaces  and  the  chimney,  the  gases  passing 
from  the  furnaces  over  and  through  the  “  Fume  Cremator  ”  before  reaching  the 
chimney. 

The  function  of  the  “  Fume  Cremator  ”  was  to  render  the  low  temperature  and 
offensive  gases  innocuous.  A  number  of  these  secondary  or  cremator  furnaces 
Avere  erected,  but  apart  from  the  cost  of  firing  the  same  with  coke,  the  grate  area 
usually  provided,  as  also  the  cubic  capacity  of  the  furnace,  would  appear  to  liaA^e 
been  insufficient,  having  in  mind  the  large  Amlume  of  heavy  gases  passing  from  the 
destructor  furnaces. 

While  the  introduction  of  the  fume  cremator  may  be  regarded  as  a  serious 
attempt  to  enable  the  destructor  to  be  operated  Avithout  discharging  offensive  gases 
from  the  chimney,  for  reasons  already  referred  to  it  cannot  be  said  to  have  been 
altogether  satisfactory. 

The  first  real  advance  in  the  design  of  refuse  destructors  Avas  in  the  provision 
of  a  forced  draught  air  supply,  Avhich  had  the  effect  of  considerably  increasing  the 
furnace  temperature,  and  accordingly  improving  the  combustion  conditions,  Avith  the 
result  that  the  gases  discharged  from  the  chimney  Avere  usually  no  longer  objectionable. 

For  some  few  years  after  the  introduction  of  forced  draught  the  design  of 
destructor  cells  or  furnaces  remained  unchanged,  these  being  arranged  as  distinct 
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and  isolated  units,  from  wliicli  the  gases  passed  into  a  common  main  flue  to  the 
chimney. 

Some  twenty-five  years  since  a  drastic  departure  in  the  design  of  destructor 
furnaces  was  introduced,  embodying  (1)  the  provision  of  a  continuous  furnace 
chamber  and  grate,  with  divided  or  separate  ashpits  ;  (2)  a  combustion  and  dust 
interception  chamber,  which  was  usually  arranged  at  right  angles  to  the  grate ; 
(3)  the  setting  of  a  steam  boiler  beyond  the  combustion  chamber ;  and  (4)  the  pro¬ 
vision  of  a  regenerator  or  continuous  air  heater  between  the  boiler  and  the  chimney. 
The  high  temperature  waste  gases  were  used  in  connection  with  the  boiler  for 
steam  generation,  and  upon  leaving  the  boiler  were  further  utilised  for  heating  the 
whole  of  the  air  supply  for  combustion. 

There  can  be  no  doubt  that  these  improvements  in  furnace  design,  and  in  the 
provision  of  a  heated  air  supply  for  combustion,  constitutes  the  greatest  advance 
made  in  destructor  design,  and  while  vdthin  recent  years  many  valuable  improve¬ 
ments  have  been  introduced  in  the  form  of  mechanical  charging  and  clinkering,  as 
also  in  less  important  details,  wLich  will  be  hereafter  referred  to,  the  continuous 
grate,  combustion  chamber,  and  the  use  of  hot  air  for  combustion  are  embodied  in 
almost  every  modern  installation,  and  are  now  regarded  as  essential. 

Writing  in  1912  ^  upon  the  question  of  comparative  design  the  author  put  the 
position  thus  : — ■ 

“  As  one  who  has  devoted  much  time  and  attention  to  the  development  of  the 
continuous  grate  system  for  many  years  past,  the  author  may  perhaps  be  forgiven 
for  an  unusual  enthusiasm.  This  type  has  in  practice  been  proved  to  show  a 
working  efficiency  far  in  advance  of  that  previously  obtained,  both  with  the  best, 
and  also  the  most  inferior  refuse. 

In  destroying  refuse  of  very  low  calorific  value,  or  with  a  high  percentage  of 
moisture,  the  continuous  grate  possesses  manifest  advantages  over  the  isolated 
cell  system.  Refuse  can  be  efficiently  burned  with  the  former,  wLich  it  is  very 
difficult,  if  not  impossible,  to  burn  with  the  latter  type. 

In  the  maintenance  of  a  high  working  temperature  in  the  furnace  and  com¬ 
bustion  chamber,  in  the  avoidance  of  nuisance,  in  power  production,  and  in  main¬ 
tenance  cost,  it  has  been  amply  demonstrated  that  the  continuous  grate  marks  a 
great  advance  upon  previous  practice. 

“It  is  only  since  the  introduction  of  this  type  that  the  power  production  aspect 
of  refuse  disposal  has  become  a  prominent  feature.  The  easy  maintenance  of  a 
reasonably  constant  steam  pressure,  which  is  governed  entirely  by  a  well-maintained 
furnace  temperature,  has  done  much  to  convince  those  who  wish  to  use  the  steam 
that  the  supply  is  a  satisfactory  one. 

“  During  the  past  ten  years  comparatively  few  cellular  destructors  have  been 
erected.  For  every  destructor  of  this  type  which  has  been  built  during  this  period, 
at  least  five  destructors  of  the  continuous  grate  type  have  been  erected. 

“  There  could  be  no  more  conclusive  proof  of  the  all-round  superiority  of  the 
continuous  grate  type  than  the  fact  that  this  type  is  now  offered  by  every  destructor 

^  See  “Modem  Destructor  Practice,”  1912,  by  the  author. 
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maker  in  England,  with  but  a  single  exception.  In  America  it  is  tlie  standard 
British  type,  and  in  continental  and  tropical  countries  it  is  generally  I'ocogiiised  as 
of  vital  importance.” 

For  some  years  followdng  the  introduction  of  the  continuous  grate  design, 
destructors  were  made  in  three  distinct  types,  in  so  far  as  charging  is  concerned 
(a)  front  fed,  {b)  back  fed,  and  (c)  top  fed.  With  the  former  type  the  refuse  was 
hand  fired  direct  on  to  the  grate,  the  clinker  being  also  removed  through  the  firing- 
doors  at  the  front.  In  the  case  of  the  back  fed  type  of  destructor  a  drying  hearth 
was  usually  provided,  the  refuse  being  shovelled  on  to  this  hearth,  and  after  di-ying. 
was  spread  over  the  grate — the  clinker  being  removed  at  the  front  of  the  furnace 
from  points  directly  opposite  to  the  charging  doors. 

The  top  fed  destructor,  in  common  with  the  back  fed  type,  was  provided  with 
a  drying  hearth,  this  being  arranged  at  the  upper  part  of  the  grate  and  directly 
beneath  the  charging  opening.  From  the  drying  hearth  the  refuse  was  levelled 
and  spread  over  the  grate  as  required,  this  work  being  done  from  the  front 
of  the  furnace  through  the  openings,  which  were  also  used  for  the  removal  of 
clinker. 

Subsequent  improvements  which  were  introduced,  and  which  will  be  discuissed, 
had  for  their  object  the  mechanical  charging  of  top  fed  destructors  (1)  with  a  view 
to  eliminating  manual  labour  in  charging,  and  (2)  to  provide  for  the  direct  charging 
from  mechanically  operated  receptacles  of  definite  and  known  quantities  at  regular 
intervals. 

While  these  improvements  were  satisfactory  in  the  reduction  of  manual  labour 
on  top  of  the  furnace,  the  dumping  of  a  heavy  charge  of  refuse  on  to  a  limited  grate 
area  presented  extremely  unsatisfactory  conditions  for  combustion,  in  adchtion  to 
which  too  much  labour  was  necessitated  at  the  front  of  the  furnaces  in  spreading 
and  levelling  the  charge  over  the  grate. 

The  Charcjincj  of  Destructor  Furnaces. — The  methods  of  charging  or  feeding- 
refuse  into  destructor  furnaces  has  for  many  years  been  the  subject  of  recurring 
and  even  acute  controversy. 

The  great  bulk  of  destructor  installations  in  Great  Britain  and  in  other  countries 
may  be  said  to  comprise  hand  charging,  either  at  the  top,  back,  or  front  of  the 
furnace. 

Tof  Feeding. — Top  feeding  was  thus  tersely  defined  by  Mr  George  Watson  ^ 
twenty-five  years  since  ;  “  With  top  feeding  the  refuse  is  merely  pirshed  blindly  in.” 

This  may  be  said  to  accurately  describe  the  operation,  not  only  in  connection 
with  the  top-fed  furnace  as  designed  nearly  fifty  years  since,  but  the  ]dain  top-fed 
destructor  of  to-day. 

With  all  destructor  furnaces  of  this  type,  almost  invariably  the  capacity  of  the 
charge  introduced  is  determined  by  the  man  or  men  on  top  of  the  furnace.  No 
regard  is  paid  to  weight  or  cubic  capacity,  the  only  limiting  factor  is  the  cubic 
capacity  of  the  furnace.  The  charge  may  be  half  a  ton  or  it  may  be  three  times 

^  Watson  on  “  Refuse  Furnaces.”  Proceedings  of  the  Insliiuiion  of  Civil  Engineers,  vol.  cxxxr., 
Session  1898-99,  Part  1. 
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Fig.  33. — Twelve  Direct  Top  Hand-fed  Trough  Grates,  with  Boilers,  Air  Heaters,  Fans,  and  Chimney. 
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this  quantity.  As  a  general  rule  the  charges  introduced  are  far  too  heavy  :  a 
heavy  charge  is  favoured,  because  it  means  a  periodical  idle  s])ell. 

This  method  of  charging,  it  need  scarcely  be  observed,  is  op])osed  to  the  most 
elementary  principles  of  combustion.  From  the  point  of  view  of  steam  generation 
it  is  most  rmsatisfactory  and  inefficient,  it  usually  involves  filthy  conditions  within 
the  destructor  house  and  serious  risk  of  nuisance  outside,  it  necessitates  the  use 
of  excessive  air  pressure  in  the  ashpits  and  conduces  to  the  emission  of  dust  and 
unconsumed  light  material  from  the  chimney,  and  the  production  of  unsatisfactory 
chnker. 

Back  Feeding. — A  considerable  number  of  back  shovel-fed  destructors  arf*  in 
use  of  several  makes,  both  in  Great  Britain  and  elsewhere.  The  outstandin<>- 
advantage  of  this  type  is  that  a  drying  hearth  is  used,  and  the  chnker  is  withdrawn 
at  the  opposite  side  of  the  furnace,  i.e.  the  furnace  is  charged  at  the  back,  and 
clinkered  at  the  front.  The  principal  disadvantage  is  that  the  labour  is  recpiired 
at  two  points  and  cannot  be  concentrated. 

Front  Feeding. — Many  front  shovel-fed  destructors  of  various  makes  have  been 
adopted,  mainly  in  Great  Britain,  having  a  maximum  capacity  of  120  tons  dailv, 
to  a  minimrmi  capacity  of  about  5  tons  daily  or  even  less. 

Furnaces  of  this  type  represent  the  utmost  simplicity  in  design  ;  as  a  general 
rule  no  drying  hearth  is  used,  the  whole  of  the  refuse  being  shovelled  on  to  the  grate 
direct ;  all  labour  is  concentrated  at  the  front  of  the  furnace,  the  clinker  being- 
removed  at  this  point  through  the  firing  doors. 

Considered  from  the  standpoint  of  efficiency  in  steam  generation,  shovel-fed 
destructors,  both  of  back  and  front-fed  types,  have  invariably  given  results  con¬ 
siderably  in  advance  of  those  obtained  with  top-fed  furnaces,  as  also  a  much  more 
\dtreous  chnker.  Further,  it  may  be  observed  that  the  actual  labour  cost  per  ton  of 
refuse  destroyed  is  usually  less  with  a  shovel-fed  furnace  than  with  a  top-'ed  furnace. 

While  shovel  feeding  has  been  much  favoured  in  Great  Britain,  mainly  because 
of  its  simphcity  and  the  uniformly  good  results  obtained,  in  continental  countries 
this  system  of  charging  has  been  strongly  opposed  on  hygienic  grounds,  and  has 
accordingly  made  but  little  progress.  Modern  examples  of  top-fed,  back-fed,  and 
front-fed  Heenan  destructors  are  shown  in  the  following  illustrations. 

Fig.  No.  33  shows  twelve  top  direct  hand-fed  trough  grates,  arranged  in 
three  units  of  four  cells  each,  with  three  Babcock  &  Wilcox  water  tube  boilers,  air 
heaters,  fans  and  chimney. 

In  Fig.  No.  34  is  shovui  six  back-fed  trough  grates,  arranged  in  two  units,  with 
two  Babock  &  Wilcox  toilers,  air  heaters  and  chimney. 

A  large  plant  of  the  front-fed  flat  grate  type  is  illustrated  in  Fig.  35,  this  plant 
comprising  twelve  grates,  arranged  in  two  units  of  six  grates  each,  with  two  Babcock 
and  Wilcox  water  tube  boilers,  air  heaters,  fans  and  chimneys. 

In  Figs.  36  and  37  are  shown  views  of  the  feeding  and  clinkering  floors  respec¬ 
tively  of  a  three-grate  back-fed  destructor  erected  for  the  Redditch  Urban  District 
Council. 

Mechanical  Charging. — During  the  past  twelve  years  there  has  been  an  insistent 
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demand  for  the  mechanical  charging  of  refuse,  mainly  udth  a  view  to  improving  the 
conditions  in  the  destructor  house,  and  also  to  reduce  the  labour  cost. 


Since  the  first  system  of  mechanical  charging  was  introduced  some  tvent}-fi\e 
years  since,  various  patents  have  been  granted  for  deUces  having  for  their  object 
the  charging  of  destructor  furnaces  with  the  nunimum  of  manual  labour. 
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Some  liave  been  too  complicated  and  not  sufficiently  flexible  for  the  conditions 
demanded  in  the  destructor  house.  Nearly  every  mechanical  charging  device 
introduced  until  within  the  past  decade  has  possessed  the  fatal  defect  of  having- 
been  designed  to  handle  far  too  heavy  a  charge  of  refuse,  and  providing  little  or  no 
flexibility  either  in  regard  to  weight  or  cubic  capacity. 

Apparatus  has  been  used  for  the  instantaneous  dumping  into  a  furnace  of  two 
tons  of  refuse  or  even  more,  the  compact  mass  on  the  grate  being  from  5  ft.  to  6  ft. 
thick,  and  presenting  impossible  conditions  from  the  point  of  view  of  efficient 
combustion. 

In  1912,  when  -writing  on  systems  of  charging  destructors,  the  author  expressed 
the  following  opinion  ^ :  “  There  are  already  distinct  signs  that  the  top-fed  destructor 
of  the  future  vdll  embody  apparatus  by  which  each  charge  -v^dll  be  definitely  measured, 
while  the  charges  will  be  comparatively  small — about  one  cubic  yard — and  the 
operation  of  charging  wall  be  controlled  by  the  man  in  charge  of  the  destructor  at 
the  chnkering  floor  level.” 

While  it  is  usually  unwise  to  prophesy,  actually  the  developments  in  mechanical 
charging  have  very  closely  follow-ed  on  the  lines  of  this  forecast. 

Mechanical  charging  may  now  be  said  to  be  satisfactory,  because  the  principles 
governing  combustion  have  been  studied  and  observed.  Instead  of  introducing 
refuse — as  a  low  grade  fuel — by  the  cartload  or  w^agon  load,  it  is  now  directly  and 
instantaneously  charged  in  very  moderate  and  comparatively  small  quantities, 
which  may  be  varied,  the  capacity  of  the  delivery  receptacle  being  decided  upon 
after  a  careful  examination  of  the  refuse. 

Messrs  Heenan  &  Froude,  Ltd.,  the  w’ell-knowai  destructor  makers  -who  have 
devoted  such  close  attention  to  the  sa-ving  of  labour  and  the  improvement  of  the 
operating  conditions  in  connection  wdth  refuse  destructors,  have  introduced  and  put 
into  use  two  distinct  systems  of  mechanical  charging  w'hich  wall  be  briefly  described  : — 

Container  Feed. — With  this  system  the  refuse  container  may  be  either  rectangular,, 
vertical,  or  inclined,  or  a  cylindrical,  vertical  or  inclined  receptacle  containing-  the 
charge,  wdiich,  as  already  observed,  should  be  a  moderately  small  quantity. 

The  containers  may  be  filled  by  hand,  the  refuse  being  shovelled,  pushed,  or 
raked  in,  or  they  can  be  filled  by  a  grab  attached  to  a  transporter  or  crane,  or  by 
means  of  special  skips  wdth  doors  permitting  of  the  automatic  discharge  of  the  refuse 
during  the  lowering  operation. 

When  the  containers  are  charged  from  a  grab  or  skip  they  are  usually  of  special 
breech-shaped  design,  wdth  divergent  legs,  each  leg  containing-  a  charge. 

Mono-rail  grab  transporters  electrically  operated  are  frequently  used  for  picking 
up  the  refuse,  which  is  stored  in  hoppers  at  ground  level,  raising,  transporting,  and 
discharging  the  same  into  containers.  The  grab  used  is  of  special  design,  wdth 
suitable  tines  adapted  for  picking  up  material  so  variable  in  composition  as  towms’ 
refirse. 

In  practice  it  is  found  that  the  grab  picks  up  from  twm-thirds  to  three-fourths 
of  its  actual  total  capacity. 

1  “  Modem  Destructor  Practice,”  by  the  author,  1912,  page  38. 
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Fig.  36. — Feeding  Floor,  Heen.4n  Back-fed  Destrector,  Redditch. 


Fig.  37. — Clinkering  Floor,  Heenan  B.ack-fed  Destructor,  Redditch. 
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Witli  a  grab  system  it  is  essential  that  suitable  provision  be  made  to  prevent 
tbe  dissipation  of  dust  througbont  tbe  atmospbere  in  tbe  destructor  building.  In 
picking  up  tbe  refuse  and  discharging  it  from  tbe  grab  into  tbe  refuse  container,  a 
special  type  of  dust  bell  is  provided.  Tbis  dust  bell  totally  encloses  tbe  grab  and 
prevents  any  dust  or  other  matter  from  falling  into  tbe  building  when  tbe  trans¬ 
porter  is  in  motion. 

Skij)  Feed. — With  the  skip  feed  system  tbe  skips,  which  may  be  used  for  collecting 
and  storing  the  refuse,  or  for  both  purposes,  take  the  place  of  containers.  Special 
doors  are  provided  both  at  tbe  top  and  bottom  of  tbe  skip,  which  is  lowered  by 
means  of  a  crane  on  to  a  specially  designed  framework  or  seating,  supported  about 
the  furnace  charging  door ;  and  so  constructed  that  tbe  weight  of  tbe  staging,  tbe 
skip  and  its  contents  are  independent  of  tbe  furnace  structure.  Mono-rail  trans¬ 
porters  or  electric  travelling  cranes  convey  tbe  skips  from  tbe  skip  pit  or  tbe  skip 
storage  platform  to  tbe  charging  stage. 

Tbe  provision  for  spreading  tbe  refuse  over  the  grate  as  necessary  is  by  means 
of  a  small  auxibary  door  fitted  on  to  the  clinkering  door  ;  by  means  of  tbis  arrange¬ 
ment  tbe  inflow  of  cold  air  during  charging  and  spreading  is  reduced  to  tbe  minimum. 

The  mechanical  charging  of  destructor  furnaces  essentially  differs  from  the 
mechanical  charging  of  coal.  For  instance,  in  tbe  mechanical  charging  of  a 
horizontal  gas  retort,  tbe  charging  machine,  with  its  charging  platform  having  been 
put  into  position  in  front  of  the  retort,  wuth  the  platform  level  uuth  the  bottom  of 
the  retort.,  the  complete  charge  is  pushed  bodily  into  the  retort. 

On  the  contrary,  the  mechanical  charging  of  refuse  involves  only  mechanical 
control  of  the  doors,  which  permit  the  fall  hy  gravity  of  the  refuse  from  the  container 
or  skip  into  the  furnace  chamber. 

The  three  systems  of  mechanical  control  introduced  by  Messrs  Heenan  & 
Froude,  Ltd.,  may  be  described  as  follows  : — 

(1)  Hand  operation  from  the  clinkering  floor. 

(2)  Hydraulic  operation  with  ram  cylinders  on  platforms  at  the  level  of  the 

top  charging  doors. 

(3)  The  use  of  electric  motors  for  the  opening  and  closing  of  the  doors,  this 

operation  also  being  controlled  from  the  clinkering  floor. 

Hand  operation  from  the  clinkering  floor  takes  slightly  longer  than  the  power- 
operated  systems,  but  all  three  methods  ensure  practically  instantaneous  charging. 

In  each  case  the  doors  are  sealed  to  prevent  the  escape  of  fumes  into  the 
building ;  the  seal  used  is  a  special  asbestos  preparation  in  preference  to  a  water 
or  sand  seal,  the  former  being  a  source  of  constant  trouble,  while  the  latter  is 
ineffective. 

Fig.  38  illustrates  six  top  container  fed  trough  grate  cells  arranged  in  two  units, 
with  two  Babcock  &  Wilcox  water  tube  boilers,  air  heaters,  fans  and  chimney, 
while  in  Fig.  39  is  shown  eight  top  container  and  grab  fed  trough  grate  cells 
arranged  in  a  single  unit  with  one  Babcock  &  IVilcox  water  tube  boiler,  air  heater, 
fan  and  chimney. 
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Clinkeriny. — The  removal  of  clinker  from  destniotor  furnaces  hv  hand  is 
extremely  heavy  and  objectionable  work,  owing  to  the  frequency  of  the  operation, 
the  proportion  or  weight  of  material  to  be  removed,  and  the  exposure  to  radiation, 
dust  and  fumes. 

With  an  ordinary  grate  of,  say,  25  to  30  sq.  ft.  area,  given  a  rate  of  combustion 


Fig.  38. — Six  Top  Container  Fed  Trough  Grates,  with  Boilers,  Air  Heaters,  Fans, 

AND  Chimney. 


of  50  lbs.  per  sq.  ft.  of  grate  per  hour,  it  is  usually  necessary  to  thoroughly  clean 
the  fire,  i.e.  to  remove  all  clinker  at  intervals  of  about  U  hours. 

The  weight  of  clinker  to  be  removed — -depending  iqion  the  character  of  the 
refuse — will  probably  be  not  less  than  from  5  to  6  cwts.,  and  possibly  more.  As 
a  general  rule  this  involves  keeping  the  door  open  for  from  ten  to  twenty  minutes, 
during  which  time  there  is  a  constant  flow  or  inrush  of  cold  air  into  the  furnace 
chamber,  detrimentally  affecting  the  maintenance  of  a  uniform  temperature  in  the 
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"Fio.  30.^ — Eight  Tot-  Contaihkti  and  Grab  Fed  Trough  Crates,  with  Bottler,  Air  Heater,  and  Chimney. 
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furnace  and  combustion  chamber,  reducing  by  dilution  the  temperat\ire  of  tlie 
gases  to  the  boiler,  involving  a  drop  in  steam  pressure  in  the  boiler,  and,  in  turn, 
a  reduction  in  the  temperature  of  the  hot  air  supply  to  the  furnaces,  at  the 
very  time  when  it  would  be  most  advantageous  to  have  an  increased  air 
temperature. 

Further,  these  variations  in  the  furnace  temperature  due  to  the  extent  and 
number  of  inactive  periods,  and  the  inrush  of  cold  air,  lead  to  deterioration  of  the 
furnace  fittings  and  the  firebrick  linings. 

It  will  therefore  be  evident  that  it  is  desiral)le  to  carefxdly  consider  tin* 
advantages  of  mechanical  clinkering,  not  alone  from  the  point  of  view  of  saving 
labour,  but  to  ensure  more  uniform  temperature  conditions  in  the  furnace  and 
combustion  chamber,  and  consequently  increased  efficiency  in  operation  ;  to  ensure 
the  fluctuation  in  steam  pressure  being  kept  within  the  closest  ])ossible  limits,  and 
to  reduce  the  cost  of  maintenance. 

The  simplest  and  most  efficient  system  of  mechanical  clinkering  vet  evolved 
is  known  as  the  Trough  Grate,  which  was  introduced  by  IMessrs  Heenan  &  Froude, 
Ltd.,  some  ten  years  since,  and  which  has  been  extensively  adopted. 

The  trough  grate,  as  will  be  suggested  by  its  name,  is  “  V  ’’-shaped,  and  apart 
from  the  facility  with  which  clinker  is  removed  by  reason  of  the  form  of  the  grate, 
provides  for  much  easier  charging  than  the  usual  type  of  flat,  horizontal,  or  slightly 
inclined  grate,  while  also  demanding  less  skill. 

The  trough  grate  may  be  readily  filled  from  the  front,  back,  or  top,  either 
by  hand  or  by  mechanical  means,  and  owing  to  the  formation  of  the  grate,  to  a 
large  extent  spreading,  levelling,  or  trimming  is  eliminated. 

The  makers  claim  that  owing  to  the  form  of  the  grate  and  the  disposition  of 
the  air  spacing  or  orifices,  the  forced  draught  air  supply  is  concentrated  upon  the 
body  of  fuel  lying  in  the  troixgh.  It  is  further  claimed  that  blow  holes,  which  to 
a  large  extent  are  inevitable  with  the  ordinary  type  of  flat  grate,  are  impossible 
with  the  angle  of  air  delivery.  This  would  appear  to  be  a  perfectly  sound  claim, 
Avith  which  the  author  is  in  compjlete  agreement,  when  the  air  is  delivered  into  the 
mass  of  fuel  transversely  instead  of  vertically  the  trouble  due  to  blow  holes  and 
consequent  excess  of  air  is  no  longer  possible. 

This  trouble  with  ordinary  or  flat  grates  is  constant,  and  the  remedy  is  as 
bad  as  the  trouble,  inasmuch  as  the  surface  of  the  fire  must  be  constantly  watched, 
and  when  a  blow  hole  developrs  the  opxening  must  be  filled  with  refuse,  either  by 
spreading  or  shovelling.  In  practice  it  is  invariably  found  that  firemen  will  not 
do  this,  and  it  is  no  uncommon  experience  to  be  able  to  simultaixeously  observe 
a  dozen  blow  holes  in  a  fire. 

It  is  further  claimed  by  the  makers  that  the  clinker  jxroduced  is  harder ;  the 
author  would  prefer  to  put  it  that  the  clinker  may  and  should  be  harder  than 
ordinary  destructor  clinker.  Whether  it  actually  is  or  not  will  dejxend  upon  care 
in  operation  and  the  thorough  burning  through  of  a  charge.  Without  pxropxer  care 
there  is  a  risk  of  withdrawal  while  leaving  a  soft  and  unburned  core  in  the  centre 
of  the  mass.  This  criticism  is  not  directed  at  the  trough  grate,  on  the  contrary 
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unsatisfactory  clinker  will  be  due  to  lack  of  works  organisation  or  management, 
with  no  proper  cycle  of  operation. 

The  most  important  advantage  derivable  from  the  trough  grate  is  in  the 
facility  with  which  the  mass  of  clinker  may  be  removed,  involving  but  a  relatively 
small  effort  upon  the  part  of  the  fireman. 

During  the  combustion  process,  as  the  clinker  solidifies,  and  without  adhering 
to  the  sides  or  ends  of  the  trough  grate,  it  settles  upon  the  removable  base  of  the 
trough,  which  is  arranged  in  the  form  of  a  draw  bar  set  in  a  channel  or  groove. 

This  draw  bar  is  withdrawn  by  means  of  a  hand  or  power  winch,  and  with  it 
is  removed  the  whole  body  of  clinker  in  a  single  operation,  and  in  a  fraction  of  the 
time  involved  in  clinkering  by  hand. 

The  effect  is  to  very  greatly  reduce  the  inactive  periods,  and  accordingly 
increase  the  burning  capacity  of  the  furnace,  probably  to  the  extent  of  at  least 
25  per  cent.,  while  reducing  to  the  minimum  the  loss  and  inefficiency  due  to  the 
inrush  of  cold  air.  As  the  solid  mass  of  clinker  is  withdrawn  from  the  furnace  it 
is  placed  upon  a  specially  designed  truck,  the  body  of  which  may  be  of  either  the 
open  or  enclosed  type  as  preferred.  The  saving  in  time  and  labour  will  be  obvious, 
in  addition  to  which  the  inconvenience  and  nuisance  due  to  the  dissemination  of 
dust — which  is  inevitable  with  hand  clinkering, — is  to  a  very  large  extent  avoided. 

Those  who  have  had  any  considerable  experience  in  the  operation  of  refuse 
destructors  will  doubtless  agree  with  the  author  that  mechanical  clinkering  should 
supersede  hand  clinkering  in  all  destructor  works  irrespective  of  size,  as  apart  from 
the  saving  in  labour  the  advantages  in  improved  operating  efficiency  are  beyond 
question. 

The  Heenan  }:atent  trough  grate  is  illustrated  in  Figs.  40  and  41,  the  former 
showing  the  withdrawal  of  clinker  in  connection  with  the  two-grate  plant  at  Hertford, 
while  the  latter  is  an  internal  view  of  a  trough  grate. 

The  Air  Supply  for  Combustion. — Prominent  among  the  improvements  intro¬ 
duced  in  connection  with  destructor  furnaces  is  the  use  of  hot  air  for  combustion, 
to  which  reference  has  already  been  made. 

For  the  heating  of  the  air  supply,  the  waste  gases  are  utilised  after  leaving 
the  steam  boiler.  The  apparatus  used,  which  has  been  termed  a  regenerator  or 
recuperator,  may  be  described  as  a  nest  of  cast-iron  tubes  attached  at  the  top  and 
bottom  to  tube  plates,  the  whole  being  fixed  in  a  firebrick  lined  chamber. 

The  waste  gases  leaving  the  boiler  pass  through  the  cast-iron  tubes,  while  the 
air  is  either  induced  or  forced  to  flow  over  the  external  and  heated  surfaces  of  the 
tubes,  and  from  the  air  heater  chamber  is  delivered  through  ducts  or  conduits  to 
the  ashpits  of  the  furnaces,  and  forced  through  the  fires. 

The  outstanding  advantages  of  using  heated  air  may  be  briefly  stated  thus  : — 

The  ignition  of  freshly  charged  refuse  is  much  accelerated  owing  to  the  rapid 
liberation  of  moisture.  There  is  a  substantial  increase  in  the  furnace  and  com¬ 
bustion  chamber  temperatures  as  the  result  of  the  added  heat  units  and  the 
reduction  in  the  volume  of  excess  air  and  reduced  dilution  of  the  gases,  with 
a  consequent  improvement  in  the  evaporative  efficiency. 
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In  destructor  furnaces  the  cjuestiou  of  rapid  ignition  is  of  paramount  importance, 
particularly  if  the  waste  heat  is  utilised  for  steam  generation  ;  sluggish  ignition 
adversely  affects  the  furnace  and  combustion  chamber  temperatures,  involving 
fluctuating  steam  pressure. 

For  the  efficient  burning  of  sidj-tropical  and  tropical  refuse,  apart  from  any 
question  of  steam  generation,  it  may  be  observed  that  the  use  of  heated  air  is 
essential. 

In  connection  with  all  well-designed  modern  destructor  installations,  adequate 
positive  ventilation  of  the  building  is  ensuretl  by  taking  the  air  siq)ply  for  ccnn- 


Fig.  40. — The  Heenan  Patent  Though  Gr.cte,  showing  Withdrawal  of  Clinker. 

bustion  from  the  building  by  means  of  suitably  arranged  air  ducts  to  the  air  inlet 
of  the  regenerator. 

In  practice  for  many  years  jrast  this  has  been  found  to  be  very  effective,  as 
the  air  supply  within  the  building  is  thus  changed  several  times  every  hour. 

The  most  suitable  Steam  Generator. — In  any  consideration  of  towns’  refuse  as 
a  low  grade  fuel  the  type  of  steam  generator  claims  attention. 

Hitherto  steam  boilers  of  the  Lancashire,  Cornish,  and  water  tube  types 
have  been  adopted,  and  a  considerable  number  of  each  type  are  now  in  use 
in  Great  Britain,  although  in  other  countries  water  tube  boilers  are  almost 
exclusively  used. 

While  boilers  of  the  Lancashire  and  Cornish  types  have  given  excellent  results 
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in  steam  generation,  there  can  be  no  doubt  that  the  water  tube  boiler  is  tlie  most 
suitable  and  efficient  type  for  the  utilisation  of  waste  heat. 

Regarded  from  the  points  of  view  of  compact  heating  surface,  facility  in 
building  in,  saving  in  ground  space,  accessibility  for  cleaning,  and  for  independently 
firing  if  desired  ;  when  the  destructor  is  shut  down,  the  Avater  tube  boiler  offers 
advantages  not  obtainable  with  boilers  of  other  types. 

Although  Lancashire  and  Cornish  boilers  have  and  are  giving  complete  satis- 


Fig.  41. — The  Heenan  Patent  Trough  Grate  (Internal  View). 

faction  in  steam  generation,  they  provide  convenient  facilities  for  the  deposit  of 
dust.  The  connecting  tubes  between  the  combustion  chamber  and  the  boiler, 
the  furnace  tubes,  the  side  flues,  and  flame  bed,  all  provide  space  for  the  deposit 
of  dust,  with  the  result  that  in  a  comparatively  short  period  the  effective  heating 
surface  is  reduced  and  the  efficiency  is  impaired,  back  draught  is  experienced, 
and  the  plant  must  be  shut  down  for  cleaning,  which  necessitates  a  preliminary 
three  or  four  days  for  adequate  cooling. 

With  the  water  tube  boiler  the  facilities  for  dust  removal  are  such  as  to  enable 
longer  continuous  operation  periods,  and  much  more  expeditious  removal  of  dust. 

Even  if  the  dust  is  removed  by  a  suction  or  pneumatic  system,  the  water  tube 
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boiler  is  much  more  convenient  than  the  Lancashire  or  Cornish  types,  because  of 
its  greater  accessibility  for  easy  and  rapid  cleaning.  The  author  is  well  aware  that 
boilers  of  other  types  have  been  advocated,  such  as  for  instance  the  multitubular 
or  fire  tube  boiler.  Those  who  purpose  utilising  refuse  as  a  fuel,  however,  would 
be  well  advised  under  no  circumstances  whatever  to  instal  a  boiler  of  this  type, 
or  indeed  of  any  similar  type.  In  the  utilisation  of  dust-charged  gases  for  steam 
generation,  it  has  been  shown,  as  might  have  been  anticijmted,  that  the  fire  tubes 
rapidly  choke,  involving  back  draught,  increased  maintenance  cost,  inefficiency, 
and  very  frequent  stoppages  for  cleaning. 

While  from  every  point  of  view  the  water  tube  boiler  may  be  regarded  as  the 
most  efficient  type  of  steam  generator  for  combination  with  a  refuse  destructor, 
it  does  not  possess  the  advantage  of  the  Lancashire  and  Cornish  types  in  providing 
large  steam  and  water  space,  which  in  readily  meeting  steam  recpiirements  for 
certain  loads  is  very  beneficial. 

To  some  extent  this  deficiency  may  be  remedied  by  providing  a  main  steam 
and  water  drum  of  larger  diameter  than  is  usual. 

It  is  good  practice  under  such  conditions  when  installing  a  water  tube  boiler 
of  a  given  heating  surface,  having  normally  a  standard  main  drum  of  3  ft.  diameter, 
to  provide  instead  a  drum  of  4  ft.  diameter. 

In  connection  with  sewage  pumping  stations  and  air  compressor  stations,  where 
as  the  result  of  sudden  and  heavy  rainfall  an  unusual  demand  for  steam  has  at  times 
to  be  met  quickly,  the  author,  who  has  invariably  used  drums  in  excess  of  the  standard 
diameter,  has  found  the  increased  steam  and  water  storage  of  undoubted  advantage. 

The  Fuel  Value  of  Talons'  Eefuse. — From  the  point  of  view  of  calorific  value  and 
composition  generally,  tovms’  refuse  must  be  regarded  as  the  lowest  of  all  low  grade 
fuels. 

If  it  were  not  for  the  fact  that  it  is  desirable  for  sanitary  reasons  to  dispose  of  the 
refuse  of  communities  by  the  agency  of  fire,  certain  it  is  that  as  a  potential  fuel,  that 
heterogeneous  mixture  known  as  towns’  refuse  would  not  receive  any  consideration. 

Regarded  strictly  as  a  fuel  it  may  be  said  that  towns’  refuse  is  certainly  inferior 
to  other  low  grade  and  waste  fuels  which  are  now  being  utilised  for  power  production, 
in  addition  to  which,  unhke  all  other  low  grade  fuels  of  more  or  less  constant 
composition  and  calorific  value,  towns’  refuse  varies  widely  in  its  component  parts, 
apart  altogether  from  seasonal  influences. 

While  the  composition  and  calorific  value  of  refuse  in  Great  Britain  often  shows 
a  considerable  variation  even  imder  identical  or  analagous  climatic  conditions,  refuse 
in  other  countries,  temperate,  sub-tropical,  and  tropical,  varies  to  a  large  extent 
in  its  composition  and  fuel  value. 

In  the  accompanying  Table  No.  29  is  shown  the  comparative  composition  of 
refuse,  as  determined  by  screening,  in  eight  cities  and  towns  in  England  and  Scotland. 

These  analyses  clearly  reveal  two  important  features  in  the  composition  of 
refuse  :  (1)  the  high  proportion  of  fine  dust,  and  (2)  the  very  large  percentage  of 
cinders. 

Comparing  these  figures  with  other  records  of  various  analyses  made  during 
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the  past  twenty-five  years,  it  is  shovTi  that  in  the  main  the  composition  of  towns’ 
refuse  has  not  changed  appreciably,  in  so  far  as  the  percentage  of  cinders  is  con¬ 
cerned. 

TABLE  No.  29 


Comparative  Composition  of  Refuse  as  determined  by  Screening 
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1-11 
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8-58 
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4-73 
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1-01 

0-09 
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1-19 

2-25 
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0-88 

1-46 
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0-44 
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0-24 

0-46 
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0-72 
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0-34 
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1-12 
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0-37 
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1-88 
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0-15 

0-1 
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0-1 
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1-33 
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0-8 

1-24 

2-50 

0-06 

0-91 

1-33 

8-5 

1-00 

1-95 

Fine  dust  .... 

^  in.,  f  in.  and  large  cinders 
Bricks,  pots,  shale,  etc. 

Tins 
Rags 
Glass 
Bones 

Vegetable  refuse 
Scrap  iron  . 

Paper 

Fish,  offal,  greens,  small  paper, 
bags,  carpet,  oilcloth,  boots, 
etc. 


While,  as  a  general  ride,  the  results  obtained  in  steam  generation  imder  test 
conditions  are  rightly  regarded  vith  some  suspicion,  the  author  has  thought  it 
desirable  to  set  forth  the  figures  as  given  in  Table  No.  30,  vuth  a  \uew  to  showing 
the  comparative  results  in  steam  generation  obtained  in  some  seven  different 
cormtries  and  several  Enghsh  counties,  covering  practically  every  month  in  the 
year,  and  vuth  test  periods  varying  from  7  to  189  hours. 

The  author  is  well  aware  that  evaporative  tests  are  usually  carried  out  with  a 
trained  staff  and  under  specially  favourable  or  prepared  conditions,  such  as  would 
not  ordinarily  obtain.  Further,  it  may  be  stated  that  the  real  test  is  the  performance 
under  ordinary  or  normal  conditions  over  an  extended  period. 

Although  attaching  no  undue  importance  to  the  test  fig-ures  quoted,  and 
estimating  the  same  at  their  proper  value,  nevertheless  these  figures  are  well  worth 
careful  study,  showing  as  they  do  that  in  such  a  hot  month  as  January  it  was  possible 
in  Melbourne  to  obtain  an  average  evaporation  of  1|  ^bs.  of  water  per  lb.  of  refuse 
destroyed  over  a  period  of  13|  hours. 

The  results  obtained-  at  Aberdare,  Pontypridd,  Kotherham,  and  Coventry,  in 
the  vicinity  of  coal-fields,  clearly  indicate  a  high  proportion  of  carbon  in  the  refuse, 
and  an  extraordinary  waste  upon  the  part  of  householders. 

At  Milwaukee  the  results  obtained  both  under  extreme  mnter  and  summer 
conditions  show  that  the  liigii  proportion  of  garbage  contained  in  Mlwaukee  refuse 
in  the  summer  months  does  not  reduce  the  evaporation  to  the  extent  which  might 
be  anticipated. 
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The  evaporative  results  obtained  at  Penang  and  Singapore  are  such  as  might 
be  anticipated,  having  in  mind  the  chmatic  conditions  and  the  composition  of  the 
refuse,  with  a  very  low  percentage  of  material  possessing  any  appreciable  calorific 
value,  and  a  large  proportion  of  waste  having  a  very  high  moisture  content. 

TABLE  No.  30 
Steam  Generation  from  Refuse 

Evaporation 


Heenan  Destructor  at 

per  lb.  of 
refuse  from 

Montli.  of 
Test. 

Duration 
of  Test  in 

and  at  212° 
Falir.,  (lbs.). 

Hours. 

Ilford,  Essex  .... 

1-82 

March 

10-0 

Richmond  (Melbourne),  Austraha 

1-.50 

January 

13-75 

Westmount  (Montreal),  Canada 

.  2-11 

March 

9-5 

Milwaukee,^  Wis.,  U.S.x4. 

1-31 

37-0 

East  Grinstead  .... 

1-88 

June 

7-5 

Aberdare,  South  Wales  . 

.  4-22 

8-85 

Rotterdam,  Holland 

M053 

Eebruary 

Ipswich,  Suffolk  .... 

1-57 

April 

7-0 

Pontypridd,  South  Wales 

.  3-47 

February 

8-0 

Swinton  and  Pendlebury,  Lancs. 

1-63.5 

September 

11-0 

Clydebank,  Scotland 

.  2-11 

May 

8-5 

King’s  Norton  .... 

.  2-63 

February 

13-25 

Bury  St  Edmunds,  Suffolk 

2-04 

December 

7-33 

Cheltenham,  Glos.  .... 

1-577 

June 

17-5 

Redditch,  Worcs.  .... 

1-9 

November 

7-5 

St  Albans,  Herts  .... 

2-75 

January 

8-125 

West  Bromwich  .... 

1-76 

8-5 

Rotherham,  Yorks. 

2-075 

January 

18-0 

Penang,^  Straits  Settlements  . 

0-506 

April 

8 

Singapore,  „  „  .  . 

• 

.  0-31 

Jixne 

February 

72 

Coventry,^  Warwick 

• 

2-298 

April 

July 

.  189 

September 

In  Table  No.  30  the  remarkable  average  results  obtained  at  Coventry  over  a 
period  of  189  hours  are  included.  These  results  are  so  exceptional  and  conclusive 
that  it  has  been  thought  desirable  to  include  complete  details. 

The  complete  details  of  the  tests  are  given  in  Table  No.  31,  while  in  Figs.  42,  43, 
and  44  are  diagrams  prepared  by  Mr  J.  Eric  Swindlehurst,  M.A.,  A.M.I.C.E.,  Deputy 

^  Extreme  winter — extreme  summer  =-96. 

^  By-pass  damper  full  open  throughout  the  test. 

^  Average  of  four  tests  aggregate  189  hours. 


H 


Coventry  Official  Destructor  Tests,  1910-1911 
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Fig.  42. — Diagbam  SHO^VING  Proportionate  Quantity  of  Refuse  Burnt, 
Coventry  Corporation  Refuse  Destructor. 
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Fig.  43. — Diagram  showing  Average  Rate  of  Burning  per  hour  per  sq.  ft.  of 

Grate  Area. 
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Fig.  44. — Diagram  showing  Average  Evaporation  per  lb.  of  Refuse  Burnt  per  month, 
BASED  UPON  THE  AVERAGE  FOR  ThREE  YeARS,  EQUIVALENT  FROM  AND  AT  212°  F. 
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Borough,  Engineer  of  Preston,  to  whom  the  author  is  indebted  for  permission  to 
include  these  records  of  three  years’  operation. 

Upon  reference  to  the  diagram,  Fig.  44,  it  will  be  observed  that  the  average 
evaporation  over  a  period  of  three  years  was  2-12  lbs.  of  water  per  lb.  of  refuse  from 
and  at  212°  F.  The  maximum  evaporation  was  2-36  lbs.  of  water  per  lb.  of  refuse 
during  the  month  of  April,  and  corresponding  with  the  lowest  average  rate  of 
combustion.  The  minimum  evaporation  1-74  lbs.  of  water  per  lb.  of  refuse  was 
shown,  as  might  be  anticipated,  during  the  month  of  August,  corresponding  vdtli 
the  highest  average  rate  of  combustion. 

Mr  Swindlehurst’s  figures  show  that  a  considerable  range  of  fluctuation  occurs 
as  between  the  month  of  maximum  results  and  the  month  of  minimum  resrdts, 
these  variations  being  as  follows  : — • 

Refuse  available,  to  the  extent  of  45-2  per  cent. 

Rate  of  burning,  ,,  ,,  23-8  ,, 

Rate  of  evaporation,  ,,  ,,  35-()  ,, 

In  a  very  complete  and  valuable  paper  ^  read  before  the  Institution  of  Civil 
Engineers’  Association  of  Birmingham  Students,  on  27th  Feb.  1914,  Mr  Smndlehurst 
gave  exhautive  details  of  three  years’  operation  of  the  Coventry  plant  and  the  supply 
of  steam  to  the  adjacent  Corporation  Electricity  Works.  The  scope  of  this  paper 
is  so  comprehensive  that  it  may  be  said  to  be  one  of  the  most  valuable  contributions 
on  operating  results  which  has  ever  been  prepared. 

The  following  details  ^  of  a  recent  evaporative  test  of  100  hours’  duration  with 
a  Heenan  destructor  at  Guernsey  are  of  more  than  ordinary  interest,  having  in 
mind  (1)  the  location  of  the  plant,  (2)  its  small  size,  and  (3)  the  fact  that  it  does  not 
embody  an  air  heater. 

In  the  Channel  Islands,  relying  entirely  upon  imported  and  expensive  coal,  it 
may  be  assumed  that  the  calorific  value  of  the  refuse  will  be  considerably  lower  than 
that  of  towns  on  tlie  mainland,  whether  of  a  residential  or  industrial  character. 

Having  in  mind  the  quahty  of  the  refuse,  and  the  use  of  air  for  combustion  at 
atmospheric  temperature,  the  small  quantity  of  refuse  dealt  with,  the  character 
of  the  load,  and  the  high  exit  temperature  of  the  gases  leaving  the  boiler,  the  results 
obtained  must  be  regarded  as  exceptionally  good. 

The  steam  pressure  and  temperature  diagrams  reproduced  in  Figs.  45,  46,  47, 
and  48  are  for  a  small  plant  unusually  satisfactory.  IVliile  it  is  not  difficult  with 
a  large  modern  plant,  using  hot  air  for  combustion,  to  show  a  reasonably  even  steam 
pressure,  in  this  instance  the  average  weight  of  refuse  burned  per  hour  was  only 
•66  tons.  No  doubt  the  comparatively  small  variation  in  steam  pressure  may  to  a 
large  extent  be  accounted  for  by  the  use  of  mechanical  clinkering. 

^  “  The  Construction  and  Working  of  a  Modern  Refuse  Destructor,”  by  J.  Eric  Swindlehurst,  iM.A. 
(Cantab.),  A.M.I.C.E.  The  Institution  of  Civil  Engineers’  Association  of  Birmingham  Students,  28th 
Session,  1913-14. 

^  For  permission  to  publish  these  details  the  author  is  indebted  to  IMr  Arthur  G.  Bird,  Engineer 
and  Manager  of  the  Guernsey  Railway  Co.,  Ltd.,  and  ^Messrs  Heenan  &  Froude,  Ltd.,  Worcester. 
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Fig.  45. — Steam  Prbsstjee  Diagram,  Hebnan  Back-fed  Destructor.  Fig.  4G. — Steam  Pressure  Diagram,  Hbenan  Back-fed  Destructor. 
(Guernsey  Railway  Co.,  Ltd.)  (Guernsey  Railway  Co.,  Ltd.) 
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TABLE  No.  32 

Details  of  Evaporative  Test.  The  Guernsey  Railivay  Company,  Ltd. 


Log  extracts  of  iveekly  run  of  poiver  plant,  comprising  : — 

Babcock  &  AVilcox  boiler,  beating  surface  870  sq.  ft. 

,,  ,,  superbeater. 

Heenan  &  Froude  2-cell  trougb  grate  refuse  destructor,  with  belt  driven  forced  draught 
fan. 

Generating  set  witb  condenser. 

Note. — No  coal  or  other  supplementary  fuel  was  used  during  this  run,  which 
Avas  a  normal  ordinary  weekly  run. 


Date  ......... 

Duration  ........ 

Total  refuse  burned  ...... 

Refuse  burned  per  hour  ...... 

Total  water  evaporated  (by  meter)  .... 

Evaporation  per  pound  of  refuse,  actual  . 

Steam  pressure  per  sq.  in.  ....  . 

Feed  water  temperature  ..... 

Temperature  of  superheated  steam  .... 

Superheat  added  to  steam  ..... 

Factor  of  evaporation,  including  superheat 
Eqmvalent  evaporation  per  lb.  of  refuse  from  and  at 

212°  F . 

Total  electrical  units  generated  .... 
Units  generated  per  ton  of  refuse  burned  . 

Steam  produced  per  unit  generated,  including  large 
waste  at  safety  valve  ..... 
Units  used  by  belt  driven  fan  per  ton  of  refuse 
Average  load  on  generator  ..... 

„  ashpit  pressure  ..... 

,,  temperature  of  gases  leaAung  boiler 


April  9th  to  14th,  1923. 

100  AAmrking  hours. 

66  tons =147,840  lbs. 

1478  Its. 

17,720  gallons  =  177,200  lbs. 
M98  lbs. 

150  „ 

135°  F. 

470°  F. 

104°  F. 

M85 


1-419  lbs. 

2920 

44-2 

60-6  lbs. 
4-54 

33  per  cent. 
2  in.  AV.G. 
600°  F. 


In  Figs.  49  and  50  are  showm  respectively  a  view  of  the  destructor  cells  at  the 
chnkering  floor,  and  also  a  Anew  of  the  generating  plant. 

During  the  past  twenty-five  years  approximately  250  refuse  destructors  have 
been  erected  in  Great  Britain  and  in  many  other  countries,  in  connection  with  which 
more  or  less  complete  provision  has  been  made  for  the  utilisation  of  the  available 
AA^aste  heat  for  steam  generation. 

The  purposes  for  which  the  steam  has  been  and  is  being  used  comprise 
electricity  generation,  seAA^age  pumping,  AA-ater  pumping,  gas  works  supply,  heating 
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Fig.  49. — Cli>'keeing  Floor,  Heeuan  Back-fed  Destructor. 
(Guernsey  Railway^  Go.,  Ltd.) 


Fig.  50. — Genee-ating  Plant.  (Guernsey  Railway  Co.,  Ltd.) 
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plant,  laundries,  clinker  utilisation  plant,  industrial  works,  and  various  municipal 
works. 

That  very  large  quantities  of  coal  have  been  saved  as  the  result  of  thus  utilising 
waste  heat  is  beyond  question.  In  connection  with  upwards  of  100  sewage  pumping 
stations  previously  using  steam  coal  in  quantities  varying  from  300  tons  to  over 
1000  tons  per  annum,  the  use  of  coal  has  either  entirely  ceased,  or  its  use  is  restricted 
to  Sundays  and  holidays,  when  there  is  no  collection  of  refuse,  although  in  some 
few  cases,  in  order  to  meet  exceptional  pumping  demands,  it  is  necessary  occasionally 
to  put  a  coal  fired  boiler  into  service  for  short  periods. 

AVhile,  due  to  exceptional  local  conditions,  there  are  cases  where  the  pumping 
demand  is  so  heavy  as  to  be  beyond  the  steam  generation  capacity  of  the  refuse, 
such  cases  are  comparatively  feAv. 

In  the  average  case  it  has  been  shown  that  the  available  refuse  is  equal  to 
providing  the  whole  of  the  steam  required  for  pumping  the  maximum  flow  of  sewage, 
as  also  for  the  lighting  of  the  works  and  clinker  utilisation  plant. 

The  combination  of  refuse  destructors  AAuth  electricity  generating  stations, 
which  Avas  so  strongly  adA'ocated  some  twenty  years  since,  has  for  various  reasons 
failed  to  fulfil  expectations  as  an  ideal  or  even  a  satisfactory  combination. 

Generally  speaking  electrical  engineers  have  not  regarded  the  combination 
Avith  any  favour,  it  may,  in  fact,  be  obserA^ed  that  steam  from  refuse  has  rarely  been 
desired  unless  it  has  been  obtainable  at  a  price  considerably  beloAv  its  cost  if  generated 
from  coal. 

Having  in  mind  that  steam  is  the  principal  asset,  in  fact  the  only  asset  of 
importance  in  the  combustion  of  refuse,  its  A^alue  under  certain  circumstances  was 
regarded  by  those  responsible  for  its  production  as  at  any  rate  approximately 
equivalent  to  steam  generated  by  coal  after  making  due  alloAvance  for  the  conditions 
and  limitations  of  supply.  It  AA^as,  hoAvever,  frequently  found  to  be  very  difficult, 
even  if  not  impossible,  to  get  the  pmchasing  department  to  take  the  same  view. 

The  main  disadA^antages  affecting  the  utility  or  value  of  the  combination  are 
(1)  that  it  is  desirable  to  operate  the  destructor  continuously,  and  at  a  reasonably 
uniform  rate,  AAffiereas  its  greatest  value  to  an  electricity  undertaking  in  the  saving 
of  coal  would  be  to  burn  refuse  over  a  comparatively  feAV  hours,  and  Avith  considerable 
flexibility  in  the  rate  of  combustion.  (2)  In  connection  with  the  larger  generating 
stations,  even  given  the  most  favourable  operating  conditions,  only  a  comparatively 
small  and  decreasing  proportion  of  the  total  steam  required  could  in  any  case  be 
provided  by  the  destructor. 

The  limited  quantity  of  steam  obtainable,  as  compared  A\dth  the  total  require¬ 
ments,  the  lack  of  flexibility,  the  fixed  and  limited  time  for  collection  and  delivery, 
questions  of  storage,  dust  trouble,  dual  control,  and  actual  as  compared  with  assumed 
A^alue,  have  all  tended  to  discourage  the  more  extended  use  of  destructors  in  com¬ 
bination  Avith  electricity  Avorks. 

It  is  doubtless  due  to  these  and  other  reasons  that  ^  the  electrical  output  from 

^  Analyses  and  Suininaries  prepared  by  the  Electricity  Commissioners  for  the  year  ended  March 
31st,  1921. 
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refuse  for  the  year  ended  March  31st,  1921,  was  only  17,013,330  units  for  thirty-four 
works,  as  compared  with  a  total  output  of  4,955,514,403  units  hy  430  electricity 
works  burning  coal  and  coke. 

One  great  advantage  of  the  electricity  works  has  been  its  comparatively  central 
location  with  a  consequent  reduction  in  the  cost  of  haulage.  From  every  other 
point  of  view  combination  with  a  sewage  pumping  plant  or  some  other  municipal 
undertaking  would  appear  to  be  preferable,  as  offering  on  the  whole  a  much  more 
favourable  outlet  for  the  steam  available. 

The  all-important  point  is  to  make  the  most  efficient  use  of  the  available  waste 
heat  and  steam — in  other  words,  if  it  is  decided  to  burn  refuse  as  a  means  of  final 
and  sanitary  disposal — then  it  should  be  regarded  as  a  low  grade  fuel,  and  the 
available  heat  should  be  utilised  to  the  best  possible  advantage. 

Even  if  this  be  done,  it  is  only  rarely  and  under  exceptionally  favourable 
conditions  that  a  refuse  destructor  can  be  operated  without  incirrring  loss.  If  the 
available  heat  is  wasted,  then  with  no  tangible  asset  to  set  against  standing  and 
operating  charges,  it  is  not  possible  to  provide  and  operate  a  refuse  destructor 
without  incurring  a  loss,  the  extent  of  which  will  depend  upon  the  standing  and 
operating  costs,  and  the  value  of  the  heat  wasted  from  the  point  of  view  of  its  coal 
equivalent. 

Despite  its  variable  and  unpromising  composition  as  a  fuel  it  has  been  possible 
when  burning  refuse  under  good  conditions  to  obtain  an  evap)orative  output  from 
boilers  in  excess  of  their  rated  capacity.  The  fuel  value  of  refuse  has  been  so 
conclusively  demonstrated  under  such  a  variety  of  conditions  during  the  past 
quarter  of  a  century  that  to  ignore  this  aspect,  and  to  provide  a  refuse  destructor 
merely  to  burn  refuse,  and  to  make  no  use  of  the  available  Avaste  heat,  might  be 
regarded  as  unthinkable  and  impossible. 

Far  from  this  being  the  case,  there  are  not  a  few  installations  Avhere  for  many 
years  past  refuse  in  the  aggregate  equivalent  to  some  hundreds  of  thousands  of 
tons  of  coal  per  annum  has  been  and  still  is  being  burned  to  waste.  Such  is 
municipal  Avisdom ! 


CHAPTEK  VII 


BRIQUETTES  AND  BRIQUETTING 

In  a  pamphlet  dated  1603  Sir  Hugh  Platt  referred  to  the  manufacture  at  that  time 
of  a  “  compressed  fuel,”  but  such  subsequent  records  as  are  available  appear  to 
show  that  briquettes  were  first  manufactured  about  1842  at  Berard,  near  St  Etienne, 
France,  followed  by  the  first  briquette  works  in  England,  at  Newcastle-on-Tyne, 
in  1846. 

Although  the  present  annual  production  of  briquettes  in  Germany  is 
greater  than  the  aggregate  production  in  all  other  countries,  it  was  not 
until  1861  that  briquettes  were  first  manufactured  in  Germany  at  Mulheim-on- 
Ruhr. 

While  it  is  true  tliat  the  great  bulk  of  briquettes  made  in  Germany  are  manu¬ 
factured  from  brown  coal,  as  already  discussed  in  a  preceding  chapter,  this  important 
development  serves  to  demonstrate  the  great  value  and  utility  of  briquetting,  in 
enabling  a  fuel  to  be  manufactured  from  raw  coal,  which  in  its  original  condition, 
and  before  treatment,  could  not  be  utilised  for  the  same  or  similar  j^i^irposes. 
For  precisely  similar  reasons  there  is  rirgent  need,  from  the  point  of  view  of 
conservation,  for  a  considerable  expansion  of  the  briquetting  industry  in  Great 
Britain. 

In  the  Final  Report  of  the  Royal  Commission  on  Coal  Supplies,  1903-1905, 
briquetting  is  thus  referred  to  ; — 

“  Hitherto  this  industry  has  been  mainly  confined  to  South  Wales,^  where  the 
small  coal  made  in  the  screening,  and  in  the  transit  of  the  best  steam  coal,  is  mixed 
with  8  per  cent,  to  10  per  cent,  of  pitch,  and  converted  into  briquettes.  Large 
quantities  of  similar  small  coal  are  exported  to  the  continent  for  the  same 
purpose. 

Of  the  value  of  these  briquettes  as  a  fuel  there  is  no  doubt,  and  they  are 
extensively  purchased  by  the  Navy  as  a  reserve  stock  in  hot  climates,  where  they 
are  said  to  deteriorate  less  than  AVelsh  coal.  In  England  and  Scotland  briquettes 
are  seldom  made,  probably  because  there  is  a  good  market  for  small  coal.  There  is, 
however,  every  reason  to  anticipate  that  in  the  future  they  will  be  more 
largely  used  for  steam  and  domestic  purposes,  and  there  appears  to  be  a  good 
field  for  the  discovery  of  a  suitable  binding  material,  pitch,  which  is  the  chief 
binder  used  at  present,  being  rather  too  smoky  for  domestic  purposes,  and  also 
high  in  price. 

The  evidence  points  to  the  conclusion  that  a  suitable  briquette  plant,  if  well 

^  Final  Report  of  the  Royal  Commission  on  Coal  Supplies,  Part  1,  General  Report,  1905. 
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managed,  should  pay  in  coimection  -with  a  colliery  ;  at  present  the  bricpiette  factories 
in  this  country  are  mostly  at  or  near  docks.  Sugge.stions  have  been  made  that 
partial  distillation  in  addition  to  washing  and  cleaning  would  give  a  much  wider 
choice  of  material  for  the  manufacture  of  first  class  briquettes,  and  that  coal  and 
oil  might  be  used  in  combination,  so  as  to  form  briquettes  of  good  calorific  value 
out  of  inferior  coal. 

The  evidence  shows  that  seams  which  cannot  now  be  worked  at  a  ])rofit 
will  in  future  be  rendered  profitable,  by  washing,  sorting,  coking  and  briquet¬ 
ting  the  coal  or  converting  it  into  gas,  and  that  no  small  coal  need  be  left  in 
the  mine. 

It  has  been  proved  that  large  quantities  of  the  best  Welsh  steam  coal  are  left 
underground  in.  the  form  of  “  small,”  solely  because  under  present  conditions  it 
does  not  pay  to  bring  it  out.  It  appears  that  much  of  this  “  small,”  although  it  is 
frequently  dirty,  is  of  similar  quality  to  that  now  being  made  into  briquettes  in 
South  Wales,  and  we  look  to  washing  and  briquetting  as  one  of  the  available  methods 
by  which  such  coal  can  be  brought  out  and  used  to  advantage. 

The  annual  production  of  patent  fuel  at  this  time  (1905)  was  as  follows  : — 


Total 

,  n  , ,  1  T  ,  T  Total  available 

Wales.  Scotland.  Ireland.  exported.  forborne 

consumption. 

1,063,240  32,046  14,598  1,108,455  111,131 

From  1905  to  1916  there  was  a  steady  increase  in  production,  which  was  most 
marked  in  South  Wales  and  Scotland.  In  England  the  annual  production  only 
increased  to  the  extent  of  20,000  tons,  against  increases  of  571,000  tons  in  South 
Wales  and  51,000  tons  in  Scotland. 

Since  1916  the  abnormal  price  of  pitch  has  not  only  seriously  retarded 
development,  but  has  created  a  position  of  great  difficulty  for  the  briquetting 
industry,  during  a  period  when  under  normal  conditions  there  would  have  been  very 
considerable  expansion. 

In  the  Final  Report  of  the  Coal  Conservation  Committee,  1918,  after  referring 
to  the  Report  of  the  Royal  Commission  on  Coal  Supplies,  1903-1905,  and  discussing 
the  present  position,  the  following  conclusion  is  expressed  : — “  But  we  are  of  opinion 
that  a  more  determined  effort  should  be  made  to  encourage  the  consumption  of 
patent  fuel  in  the  United  Kingdom,  both  for  steam  raising  and  domestic  purposes, 
thereby  achieving  two  objects  : — 

“  (1)  Inducing  colliery  owners  to  bring  to  bank  more  of  the  small  coal, 
and 

“  (2)  Setting  free  for  export  a  greater  quantity  of  large  coal,  which,  by  reason  of 
its  higher  price,  is  better  able  to  bear  heavy  freights,  and  meet  German  and  American 
competition  in  oversea  markets.” 

Having  in  mind  the  very  large  quantities  of  fuel  suitable  for  briquetting  which 
have  been  and  still  are  available  in  Great  Britain,  it  is  a  matter  for  regret  that 


Tons 


England. 

109,702 
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the  development  of  the  briquetting  industry  has  been  so  slow  and  the  output 
so  small. 

For  reasons  which  are  to  some  extent  obscure,  manufactured  fuel”  has  been 
regarded  with  some  suspicion,  and  despite  its  general  convenience  and  cleanliness, 
due  to  the  freedom  from  small  coal  and  dust,  it  has  to  a  serious  extent  failed  to 
appeal  to  consumers  in  this  country,  with  the  result  that  the  great  bulk  of  the 
production  of  patent  fuel  has  been,  and  still  is,  exported.  The  following  comparative 
figures,^  covering  the  tonnage  manufactured,  exported,  and  consumed  at  home, 
have  been  extracted  from  the  Final  Report  of  the  Mining  Sub-Committee — Coal 
Conservation  Committee,  Final  Report,  1918  : — 


Patent  Fuel 


Year. 

Total  manufacture. 

Exported. 

Available  for  home 
consumption. 

Tons. 

Tons. 

Tons. 

1905 

1,219,586 

1,108,455 

111,131 

1906 

1,513,220 

1,377,209 

136,110 

1907  2 

1,670,000 

1,480,493 

189,107 

1908 

1,604,649 

1,440,438 

164,211 

1909 

1,511,645 

1,455,842 

55,803 

1910 

1,607,666 

1,470,491 

136,875 

1911 

1,779,133 

1,612,741 

166,392 

1912 

1,755,869 

1,580,803 

175,066 

1913 

2,213,205 

2,053,187 

160,018 

1914 

1,840,465 

1,607,757 

232,708 

1915 

1,697,451 

1,225,071 

472,470 

1916 

1,854,573 

1,324,695 

529,878 

These  figures  clearly  show  that  under  normal  conditions,  and  vuth  the  exception 
of  the  last  three  years,  the  tonnage  of  patent  fuel  consumed  in  this  country  was 
very  small.  During  the  last  three  years  referred  to  above  the  increased  home 
consumption  was  doubtless  due  to  the  then  existing  stringent  fuel  conditions,  and 
the  limitation  of  exports,  as  the  residt  of  the  war. 

AVhile  South  Wales  briquettes  have  been  extensively  used  in  France,  the 
following  figures,  showing  the  principal  exports  from  South  Wales  and  Monmouth¬ 
shire  for  the  year  1919,  indicate  a  wide  distribution  : — ■ 


Tons. 

Denmark  .  .  .  .  .  .  .  .  2,239 

German  West  Africa  ......  2,479 

Netherlands  ........  4,157 

Belgium  ........  4,060 

France  .  ......  1,068,328 


1  Final  Report  on  Mining  Sub-Committee,  Appendix  11,  page  70.  Coal  Conservation  Committee, 
Final  Report,  1918. 

-  Figures  compiled  by  the  Census  Production  Office. 
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Tons. 

Algeria  ........  I()7,()25 

Frencli  West  Africa  ......  23,(581) 

Switzerland  ........  15,51)5 

Spain  .........  59,453 

Italy  .........  152,4(57 

Austria-Hungary  .......  12,(i41) 

Tunis  .........  15,373 

Morocco  ........  34,722 

Peru  .........  13,1(54 

Chili . 11,000 

Brazil  .........  36,004 

Uruguay  ........  26,336 

Argentine  Republic  ......  42,555 

Egypt  .........  4,725 

British  Guiana  .......  2,350 


The  total  tonnage  exported  was  1,646,343,  which,  if  compared  with  the  figures 
previously  quoted,  shows  that  this  was  not  an  abnormal  year  from  the  point  of 
view  of  the  total  quantity  exported. 

It  may  be  observed,  why  is  this  fuel,  the  base  of  which  is  small  coal  of  good 
quahty,  favoured  abroad,  while  in  Great  Britain  there  has  been  but  little  or  no 
demand  for  manufactured  fuel  ? 

To  a  large  extent  the  explanation  may  be  found  in  the  fact  that  there 
has  been  a  sorry  lack  of  enterprise  upon  the  part  of  briquette  manufacturers. 
No  really  effective  steps  have  been  taken  to  educate  consumers,  either  industrial 
or  domestic.  It  is  mainly  for  this  reason  that  manufactured  fuel  has  been  and 
still  is  erroneously  regarded  as  at  the  best  a  poor  or  doubtful  substitute  for  raw 
coal,  whereas  actually  briquettes  may  be  made  in  such  convenient  shapes  and  of 
such  composition  as  to  provide  both  for  industrial  and  domestic  consumption 
fuels  which  are  at  least  equal  to,  and  probably  better  than,  a  large  proportion  of 
the  raw  coal  used,  from  the  point  of  view  of  unvarying  calorific  value  and  low 
ash  content. 

Not  only  is  the  present  position  due  to  failure  upon  the  part  of  briquette 
manufacturers  to  educate  consumers,  it  may  also  to  some  extent  be  attributed 
to  the  fact  that  briquettes  have  been  made  and  sold  mainly  for  domestic  use,  of 
unsatisfactory  sizes  and  shapes,  and  containing  an  excessive  proportion  of 
incombustible. 

According  to  the  latest  available  report  of  H.M.  Chief  Inspector  of  Mines  (for 
1921),  the  total  production  of  briquettes  in  Great  Britain  and  Ireland  during 
that  year  was  1,064,000  tons,  or  rather  less  than  the  tonnage  exported  to  France 
during  1919. 

While  no  more  recent  figures  are  available,  it  may  be  assumed  that  the  present 
rate  of  production  is  probably  less  than  in  1921,  this  being  due  entirely  to  the 
scarcity  of  coal  tar  pitch  and  its  abnormal  price. 
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In  spite  of  exhaustive  experiments  in  this  country  and  in  other  countries 
with  a  view  to  the  discovery  of  an  economic  and  efficient  binding  medium  as  a 
substitute  for  pitch,  no  really  satisfactory  substitute  has  yet  been  discovered, 
and  the  only  effective  agglomerant  which  has  been  generally  used  is  pitch.  Although 
briquettes  were  made  in  France  about  ninety  years  since,  using  smudge  and  coal 
tar,  pitch  has  been  constantly  used  since  1842,  the  paidicular  grade  which  is 
favoured  for  briquetting  being  knovm  as  medium  soft  coal  tar  pitch. 

In  the  endeavour  to  discover  an  efficient  and  commercially  practicable 
substitute  for  pitch  as  a  binding  medium,  very  exhaustive  experiments  have  been 
made  with  a  considerable  variety  of  materials,  both  organic  and  inorganic,  com¬ 
prising,  among  others,  clay,  hme,  cements,  wood  tars  and  resin,  wood  pulp  and 
sulphite  hquor,  beet  pulp,  molasses,  starch,  various  tars  and  pitches,  from  coal, 
natural  asphaltes  and  petroleum  products. 

Inorganic  binders  possess  one  very  serious  disadvantage,  inasmuch  as  they 
increase  the  incombustible  content  of  the  fuel  ;  a  further  objection  is  that  the 
briquettes  are  weak,  and  vdll  only  harden  slowly.  As  inorganic  binders  are  not 
volatile,  when  once  the  briquettes  are  hard,  they  do  not  readily  disintegTate  in 
the  fire. 

Clay,  the  commonest  and  most  readily  available  of  the  inorganic  materials, 
cannot  be  regarded  as  a  satisfactory  binding  medium,  although  it  has  been  used 
for  many  years  past  in  South  Wales  in  the  preparation  of  a  plastic  nuxture  of 
anthracite  duff  for  domestic  use  which  is  known  locally  as  “  Pele.”  This 
mixture  is  usually  hand  moulded  by  the  consumer  and  is  used  in  the  shape 
of  balls. 

A\Tiile  such  a  fuel  is  obviously  imsuitable  and  useless  for  starting  a  fire,  it  is 
used  in  replenishing,  and  as  a  cheap  domestic  fuel  it  appears  to  give  satisfaction 
in  a  district  where  the  use  of  anthracite  is  general. 

Ajtrong  the  various  organic  materials  which  have  been  tried,  some  have  given 
promising  results,  but  in  almost  every  case  without  exception  it  has  not  been 
commercially  practicable  to  carry  production  beyond  the  laboratory  stage,  and 
an  efficient  substitute  for  pitch  has  yet  to  be  discovered. 

From  1904  to  1912  a  very  exhaustive  series  of  experiments  in  briquetting 
w^ere  made  under  the  supervision  of  the  United  States  Geological  Survey  at  the 
fuel  testing  plants  of  St  Louis,  Mo.,  and  Norfolk,  Va.  During  the  series  of  tests 
the  binding  properties  of  a  considerable  number  of  materials  were  closely 
investigated.  Some  of  the  results  obtained  Avith  various  binders  are  shown  in  the 
following  table  : — • 
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TABLE  No.  33 

Summary  of  Results  of  Laboratory  Briquetting  Tests  of  various  Fuels  and  Binders  ^ 


Fuel.  Binder. 


c  .i; 


C  o 

O  ^ 

^  s  ^ 

^  a>  ^ 

H  bc  c3  !-• 
GC  c3  cc 


Pittsburgh  slack 

Water  gas  pitch 

(a)  6-0 

2220 

2220 

Kxcellent 

•> 

Corn  starch 

3  0 

2100 

N.D. 

Fair 

Hard  wood  tar  jiitch 

4-0 

19.50 

2275 

Good 

Cell  pitch 

2  0 

1800 

3800 

Poor 

Sulphite  liquor 

3  0 

1400 

1875 

Very  i^oor 

Texas  lignite 

Water  gas  pitch 

6  0 

800 

800 

Good 

>> 

Wheat  flour 

3  0 

900 

1.375 

Fair 

Cell  pitch 

(a)  8-0 

12.50 

Poor 

»> 

Sulphite  liquor 

{b)  9-0 

725 

525 

Very  jroor 

Pennsylvania  an- 

thru  cite  culm 

Cell  pitch 

3  0 

2700 

Poor 

>>  ?> 

Sulphite  liquor 

5-0 

2500 

Very  poor 

North  Dakota 

lignite  . 

Water  gas  pitch 

(b)  8-0 

650 

300 

Fail- 

Wheat  flour 

3-0 

750 

1125 

Fair 

Cell  pitch 

8-0 

925 

550 

Poor 

99 

Water  gas  pitch 

(b)  8-0 

350 

400 

Fair 

9  9  99 

Wheat  flour 

5  0 

1125 

1200 

Fail- 

99  99 

Sulphite  liquor 

(b)  9-0 

300 

Very  poor 

Phillipine  lignite 

Water  gas  pitch 

6  0 

1400 

1400 

Good 

9  9  99 

Wheat  flour 

4-0 

1550 

1550 

Fair 

99  99 

Corn  starch 

(b)  5-0 

1225 

Fair 

9-  99 

Cell  pitch 

60 

925 

925 

Poor 

99  99 

Sulphite  liquor 

(b)  8-0 

725 

600 

Very  poor 

Utah  sub-bitu- 

minous  . 

Water  gas  pitch 

7-0 

1050 

Good 

99  99 

Cell  pitch 

4-0 

1150 

Poor 

Washmgton  sub- 

bituminous 

Water  gas  pitch 

6-0 

1200 

1200 

Good 

99  99 

Wheat  flour 

(a)  5-0 

1500 

Fair 

9  9  9  9 

Corn  starch 

(a)  5-0 

1850 

Fair 

99  99 

Cell  pitch 

6  0 

1000 

1000 

Poor 

(«)  Lowest  percentage  used  in  tests,  but  not  necessarily  the  lowest  that  would  furnish  a 
satisfactory  briquette. 

(h)  This  percentage  was  not  sufficient  to  make  entirely  satisfactory  briquettes,  but  was 
the  highest  used  in  the  tests. 


The  essential  qualities  in  a  binder  are  thus  summarised  by  Mr  James  E.  Mills, 
in  Brdletin  No.  343  of  the  LTnited  States  Geological  Survey  ; — 

(1)  It  must  be  sufficiently  cheap  to  make  the  manufacture  of  briquettes 
profitable. 

^  '■  Fuel  Briquetting  Investigations,”  July  1904  to  July  1912,  by  C.  L.  Wright,  Bulletin  No.  58, 
Department  of  the  Interior  Bureau  of  Mines,  U.S.A.,  1913. 

I 
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(2)  It  must  bind  strongly,  producing  a  briquette  sufficiently  bard  but  not 

too  brittle. 

(3)  It  must  bold  tbe  briquette  together  satisfactorily  in  tbe  fire. 

(4)  It  must  produce  a  briquette  sufficiently  waterproof  to  stand  the  conditions 

of  use. 

(5)  It  should  not  cause  smoke  or  foul  smelhng  or  corrosive  gases  or  foul  the  flues. 

(6)  It  should  not  increase  the  percentage  of  ash  or  clinker. 

(7)  It  should  increase,  or  certainly  not  diminish,  the  heat  units  obtainable 

from  a  given  weight  of  fuel. 

Normally  the  whole  of  the  requirements  as  set  forth  above  have  been  fulfilled 
by  pitch,  and  it  may  be  observed  that  no  other  aggiomerant  has  yet  been  discovered 
which  so  completely  and  satisfactorily  meets  the  required  conditions. 

One  very  important  requirement  in  connection  'with  briquettes  is  cohesive 
strength,  for  which  it  has  been  usual  to  accept  the  French  standard  test  as  a 
standard.  This  test  for  cohesion  may  be  briefly  described  as  follows  : — 

One  hundred  briquettes  each  weighing  1-1  lbs.  are  placed  in  a  cylinder  36-22  in. 
in  diameter  and  39-37  in.  in  length  which  is  divided  into  three  compartments,  and 
revolves  at  a  speed  of  25  revolutions  per  minute.  After  having  been  charged  the 
cylinder  is  revolved  for  two  minutes.  The  contents  are  then  sifted  upon  a  screen 
perforated  with  openings  1-12  in.  square.  That  proportion  which  remains  upon 
the  screen  indicates  the  cohesive  strength,  which  in  the  case  of  the  French  Admiralty 
tests  should  be  from  52  jer  ceiib.  to  58  per  cent. 

Briquettes  of  any  desired  degree  of  cohesion  may  be  made  by  varying 
the  proportion  of  binding  material  and  the  pressure.  This  is  illustrated  by  the 
experiments  made  by  Wery  ^  of  Paris  ufith  a  Bietrix  machine,  which  gave  the 
folloudng  results  : — 


Pressure  in 
kilogrammes 
]3er  square 
centimetre. 

Pressure  in 
lbs.  per 
square  inch. 

Pitch  used 
(percentage). 

Cohesion  obtained 
(percentage). 

130 

1844 

6 

25 

190 

2695 

6 

46 

270 

3831 

6 

61 

130 

1844 

7 

52 

190 

2695 

7 

70 

2.50 

3547 

7 

74 

In  Great  Britain,  to  a  large  extent,  the  production  of  briquettes  or  patent  fuel 
has  been  confined  to  South  Wales.  Both  in  England  and  in  Scotland,  mainly  in 
colliery  areas,  a  number  of  works  have  been  erected,  but  compared  with  the  pro¬ 
duction  in  South  Wales,  the  output  has  been  small.  The  present  potential  output 
from  works  in  South  Wales  will  probably  be  not  less  than  5  million  tons  per  annum, 
or  rather  more  than  one-eighth  of  the  total  production  in  all  countries. 

^  “  Briquettes  as  Fuel,”  Special  Consular  Report,  U'.S.A.,  No.  26,  1903,  page  54. 
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Prominent  among  the  South  Wales  works  are  the  following  : — 


INIakers. 

Brand. 

Size.s  of 

Bri(£uettes  made. 

Weights  of 
Bri(|uctte8. 

The  Crown  Preserved  Coal  Co.,  Ltd. 

Crown 

10" 

X8"  XG.’" 

2d|  lbs. 

55  55  55 

55 

XG1"X51" 

The  Star  Patent  Fuel  Co. 

Star- 

10-8" 

xG-8"x7G" 

221 

Messrs  L.  Gueret,  Ltd. 

Anchor 

12" 

x8rxor 

2G  „ 

”  )) 

55 

10" 

xGrxLU 

12  „ 

The  Atlantic  Patent  Fuel  Co.,  Ltd. 

Atlantic 

9" 

xofxi" 

19  „ 

The  Graigola  Patent  Fuel  Co., 

Graigola,^ 

Ltd . 

Mei-thyr 

91" 

X5i"  Xd" 

9  „ 

The  Pacific  Patent  Fuel  Co.,  Ltd.  . 

Pacific 

03" 

'A 

X5|"  x4" 

10  „ 

The  Phoenix  Patent  Fuel  Co.,  Ltd. 
The  Cardiff  and  Newport  Patent 

Phoenix 

12" 

x9"  xd|" 

23  „ 

Fuel  Co.,  Ltd. 

Arrow 

10" 

xGf"  x5i" 

15  „ 

The  Cardiff  Smokeless  Fuel  Co.,  Ltd. 

Castle 

10" 

X 

X 

IG  „ 

55  55  55  55 

55 

10" 

X51"  xd" 

11  „ 

55  55  55  55 

55 

9" 

X5"  x3" 

GJ  „ 

The  Eose  Fuel  Co.,  Ltd. 

Rose 

1 1  -1" 

X9A"X5|" 

2g“  „ 

”  55  55 

()  3  " 
16 

Xo^'xd^" 

11  „ 

The  Rehance  Fuel  Co.,  Ltd. 

55 

1  1 

'x8|"  xd|" 

221  „ 

Fig.  51. — Selection  of  Briquettes  of  Varied  Shapes  and  Sizes. 


^  For  locomotives. 
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The  sizes  and  weights  given  above  are  typical  of  the  block  briquettes  made  ; 
in  addition  to  this  type  Ovoid  briquettes  have  also  been  made  in  various  sizes,  and 
there  is  no  doubt  that  the  demand  for  this  useful  shape  is  bound  to  increase. 

Fig.  51  illustrates  a  selection  of  briquettes  of  various  shapes  and  sizes,  the 
rectangular  briquettes  weighing  from  24  lbs.  to  2  lbs.  each,  and  the  Ovoids  from 
5  ozs.  to  Ij  ozs.  The  most  convenient  shape  of  briquette,  both  for  domestic  and 
general  industrial  use,  is  the  Ovoid,  which  is  made  in  a  number  of  sizes,  varying  in 
weight  from  Ij  ozs.  to  6  ozs. 

Omng  to  their  shape  Ovoid  briquettes,  whether  used  in  an  ordinary  open 
domestic  grate  or  on  the  horizontal  grate  of  a  steam  boiler,  provide  a  sufficiency 
of  air  space  to  ensure  active  combustion. 

In  Fig.  52  is  shown  a  perforated  Ovoid  briquette  introduced  by  the  Perforated 
Fuel  Syndicate,  Ltd.  This  type  of  Ovoid,  which  is  used  both  in  France  and  Germany, 

possesses  obvious  advantages  in  facilitating  ignition 
and  combustion,  and  quickly  produces  a  hot  and 
clear  fire.  Perforated  Ovoids,  made  from  anthracite 
duff,  can  not  only  be  used  for  all  purposes  for  which 
anthracite  nuts  are  employed,  but  may  also  be  used 
in  an  open  grate. 

Among  the  larger  briquette  works  in  South 
Wales  are  those  of  The  Graigola  Patent  Fuel  Co., 
Ltd.,  having  a  capacity  of  over  one  million  tons  per 
annum;  The  Crown  Preserved  Coal  Co.,  Ltd.,  with 
an  annual  output  of  from  500,000  to  600,000  tons ; 
The  Phoenix  Patent  Fuel  Co.,  Ltd.,  325,000  tons  ;  and  The  Rose  Patent  Fuel 
Co.,  Ltd.,  Avhich  works  will  be  subsequently  described,  having  a  present  capacity 
of  750,000  tons. 

Analyses  of  Graigola  and  Phoenix  briquettes  by  Mr  Llewellyn  J.  Davies,  F.C.S., 
gave  the  following  results  : — 


Fig.  52. — Perforated  Ovoid 
Briquette. 


Fixed 

carbon. 

Volatile 

matter. 

Ash. 

Moisture. 

Graigola  (Locomotive) 

71-0 

15-50 

10-0 

1-50 

Phoenix  . 

73-25 

17-0 

8-50 

1-25 

Rose  patent  fuel  is  made  to  suit  any  specified  requirement  within  a  range 


of  from  17  to  22  per  cent,  of  volatile  content,  and  5  to  10 
the  agreed  calorific  value  standard  is  guaranteed. 

per  cent,  of  ash,  Avhile 

The  folloufing  are  analyses  of 

various  makes  of  briquettes  : — ■ 

Rose  Patent  Fuel. 

As  Fired. 

Dry. 

Moisture 

2-00  per  cent. 

.  . 

Carbon 

.  81-24 

82-90  per  cent. 

Hydrogen 

.  4-13 

4-22 

■X  55 

Oxygen  and  Nitrogen 

.  3-71 

3-/8  ,, 

Combustible  Sidphur 

-59 

•60  „ 

Ash  ...  . 

.  8-33 

8-50  „ 
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Proximate 

Analysis 

Moisture  .  .  .  .  • 

2-00  per  cent. 

Volatile  matter  .... 

20 -()0 

21-0  ];er  cent. 

Fixed  carbonaceous  matter 

69-07 

70-5 

Ash  ....•• 

8-33 

8-5 

Calories  .  .  .  .  • 

7,865 

8,02()  per  kilo. 

British  Thermal  Units 

11,157 

11,117  per  lb. 

Equivalent  to  lbs.  of  water  evaporated 

per  lb.  of  fuel  burned  from  and  at 

212°  F . 

11-60 

11-89 

Reliance 

Reliance 

Steam  Briquette.’ 

Anthracite  Ovoid. 

Fixed  carbon  .... 

72-06  per  cent. 

71-88  per  cent 

Volatile  matter  .... 

16-15  ,, 

12-17 

Ash  ...... 

9-75 

8-59 

Moisture  ..... 

1-71 

1-36 

Evans  &  Rogers,  Swansea,  Blended  Ovoids,  ozs.  and  U  ozs. 


Household 
Central  heating  . 
Steam  generation 
Anthracite 


Carbon. 

75  per  cent. 
81  ,, 

78  „ 

83  „ 


Ash. 


7  per  cent. 


7 


Volatile  Content. 


18  per  cent. 


1-2 


15 

10 


J  5 

5? 


Sun  Eggettes  (The  Sun  Fuel  Co.,  Ltd.,  Swansea) 


Volatile  matter 
Ash 

Calories 


Domestic. 
10-12  per  cent. 
7-9 

7300-7600 


Steam. 

11-16  per  cent. 
8-10 

8000-8100 


Polmaise^  (Stirling)  Briquettes,  9  mi.  x6  m.  x5j  in. — 12  Ihs.  each 

for  Steam  and  Navigation 


Moisture 

Ash 

Volatile  matter 
Coke  . 

Sulphur 

Calories 

British  Thermal  Units 


1-20  per  cent. 
8-10  „ 
15-98 
79-82 
•57 

7,680  „ 

13,821  „ 


^  Analyses  by  Mr  Llewellyn  .J.  Davies,  F.C.S.,  Cardiff. 

^  Analysis  by  Glasgow  City  Analysts  and  Gas  Lxaminers  Laboiatoi^ . 
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Manor  Poivis  ^  (Stirling)  Rectangular  and  Ovoid  Briquettes 


Fixed  carbon 
Volatile  matter 
Moisture 
Ash  . 


70-48  per  cent. 
16-40 
6-00 


100-00 


Cohe  Breeze,  Ovoid  Briquettes. 


{Sniethivicl-  Corjjoration  Gas-uorls) 


Volatile  matter 

Coke  ..... 
Ash  •  . 

Fixed  carbon 
Hygroscopic  moisture 
Calorific  value,  B.T.U.’s  . 

Carbon  equivalent 
Evaporative  power,  lbs.  of  water 
of  fuel  from  and  at  212°  F.  . 


As  Received. 

As  Dried. 

10-99  per  cent. 

11-59  per  cent 

83-82  ,, 

88-41 

16-19  „ 

17-08  „ 

67-63  ,, 

71-33 

.5-19  „ 

•  .  , 

10,850  „ 

11,816  ,, 

.. 

12,065  „ 

11-23  „ 

12-24  „ 

As  a  general  ride  it  is  not  desirable  to  manufacture  bricj[uettes  having  an  ash 
content  exceeding  10  per  cent.  Although  this  woidd  appear  to  preclude  the  use 
of  low  grade  or  waste  fuels,  actually  this  is  not  so,  because  by  blending  or  washing, 
or  both,  the  ash  content  may  without  difficulty  be  kept  vdthin  the  above  limit. 

For  the  production  of  the  better  quahties  of  briquettes  washing  is  now  regarded 
as  essential.  In  the  briquetting  of  coke  breeze,  which  has  been  regarded  merely  as 
a  means  of  utilising  breeze  dust  and  very  fine  breeze,  it  has  not  been  customary  to 
wash  the  fuel.  To  some  extent  this  ufill  account  for  the  lack  of  success. 

While  it  has  been  the  practice,  in  connection  with  certain  well-known  brands 
of  bricjuettes  made  for  particrdar  requirements,  to  closely  conform  to  specifica¬ 
tions  as  to  composition,  ash  content  and  calorific  value,  it  would  appear  that  the 
possibihties  of  blending,  in  ensuring  a  given  volatile  and  ash  content  and  a  fixed 
calorific  value,  have  not  yet  been  fidly  reahsed. 

Further,  as  already  observed,  it  has  been  alleged  that  briquettes  have  been 
manufactured  and  sold  for  domestic  use  not  only  unsuitable  in  shape  and  size,  but 
containing  an  excessive  proportion  of  incombustible,  with  the  ine\itable  result  that 
fuel  in  this  form  has  been  regarded  as  a  very  unsatisfactory  substitute  for  ordinary 
household  coal. 

In  the  more  recent  briquetting  practice,  wUch  Avill  be  subsequently  discussed, 
a  special  feature  has  been  made  of  the  nfixing  and  blending  of  carefully  selected 
fuels,  with  a  view  to  the  production  and  sale  of  a  manufactured  fuel  wffiich  will 

^  Analysis  by  W.  H.  Herdsman,  Chemical  Laboratory,  Glasgow. 
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constantly  comply  with  an  agreed  standard  specification,  the  makers  guaranteeing 
a  standard  calorific  value,  volatile  content  and  ash  percentage. 

This  marks  a  distinct  and  valuable  advance  in  briquetting  practice,  inasmuch 
as  a  manufactured  fuel  is  thus  offered  upon  a  basis  w'hich  for  all  practical  ])urpof.es 
does  not  yet  obtain  in  connection  wfith  the  sale  of  raw’  coal. 

The  use  of  fuel  which  rigidly  conforms  to  a  standard  specification  as  to  its 
composition  and  calorific  value  should  widely  appeal  both  to  industrial  and  domestic 
users,  w^hile  at  the  same  time  being  an  effective  means  of  conservation  by  the 
extended  use  of  a  considerable  range  of  small  fuels  w’hich  are  at  present  to  a  large 
extent  neglected  and  unused,  mainly  because  of  their  size  presenting  difficulties  in 
their  utihsation  in  the  raw  state. 

In  the  manufacture  of  Ovoid  briquettes  for  domestic  use,  w’hile  having  due 
regard  for  the  percentage  of  ash,  it  w’ould  appear  that  insufficient  attention  has 
been  given  to  the  composition  of  the  ash.  By  the  careful  blending  of  fuels  not  only 
is  it  possible  to  reduce  the  ash  content,  but  it  should  not  be  difficult  to  render  the 
ash  fusible  at  a  loiver  temperature,  thus  yielding  a  sohd  ash  or  clinker  instead  of  a 
very  fight  and  powdery  ash,  which  for  domestic  use  is  most  objectionable. 

In  the  production  of  briquettes  for  industrial  use  the  selection  and  blending 
of  fuels  should  be  such  as  to  ensure  the  fusion  of  ash  at  a  high  temperature.  Ash 
which  is  fusible  at  too  low  a  temperature  is  very  troublesome  in  steam  generation, 
in  the  rapid  production  of  clinker,  and  the  subsequent  choking  of  the  fire. 

While  as  the  result  of  the  closer  attention  which  has  been  directed  to  the 
selection  of  small  fuels  and  washing  the  percentage  of  ash  has  been  materially 
reduced,  it  would  appear  that  the  important  question  of  fusion  temperature  has  not 
yet  received  the  attention  which  it  demands. 

It  is  important  that  all  coal  containing  upwurds  of  3  per  cent,  of  moisture 
should  be  dried,  the  cost  of  drying  is  more  than  compensated  for  by  the  reduced 
percentage  of  binding  material  necessary,  in  addition  to  w’hich  it  is  not  possible 
to  manufacture  satisfactory  briquettes  from  coal  containing  a  high  moisture 
percentage. 

Accurate  measuring  and  complete  mixing  are  of  the  utmost  importance,  and 
in  order  to  ensure  absolute  xmiformity  in  the  composition  of  the  finished  briquette 
the  work  should  be  done  by  an  automatic  machine. 

The  importance  of  automatic  measuring  is  now’  generally  conceded.  Before 
this  system  was  used  it  w^as  necessary  to  stop  the  plant  w’hile  adjustments  w’ere 
made  to  the  measuring  apparatus  in  order  to  vary  the  proportion  of  binder  to  the 
coal.  By  the  use  of  revolving  table  measuring  apparatus  the  necessary  adjustments 
may  be  made  while  the  plant  is  rimning,  by  the  alteration  of  the  angle  of  the  scraper, 
or  by  the  raising  or  low’ering  of  the  sleeve  attached  to  the  service  hopper.  When 
briquettes  are  being  made  to  a  specification  requiring  the  admixture  of  tw’O,  three  or 
four  grades  of  small  coal,  revolving  table  measurers  are  of  great  advantage,  as  tlu. 
ash  content  and  calorific  value  may  be  varied  at  w’ill. 

In  moulding  and  pressing  plant  the  essential  features  are  ample  strength  and 
reliability  under  regular  running  conditions,  with  a  low’  maintenance  cost.  The 
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earlier  presses  were  much  too  light  in  construction,  involving  unreliabihty  in 
operation  and  heavy  maintenance  cost.  Having  in  mind  that  the  pressure 
required  varies  from  two  tons  to  three  tons  per  sc[uare  inch,  adequate  strength 
is  essential. 

In  the  manufacture  of  the  larger  briquettes  weighing  from  8  lbs.  to  26  lbs. 
double  compression,  i.e.  ec|ual  and  simultaneous  pressure  both  on  the  top  and  the 
bottom  of  the  briquette,  is  essential  in  order  to  obtain  uniformity  of  structure.  For 
smaller  blocks,  from  2  lbs.  to  4  lbs.  w^eight,  a  heavy  single  pressure  machine  may  be 
used,  but  such  a  press  is  only  suitable  for  a  small  output. 

Heaters  should  be  of  ample  size  for  a  given  duty,  in  order  to  ensure  the  highest 
efficiency  from  the  proportion  of  binder  used. 

AUien  the  mixture  leaves  the  heater  it  is  important  that  it  should  be  cooled  to 
a  suitable  temperature  before  being  fed  to  the  press,  this  results  in  fewer  breakages 


Fig.  63. — “  Rose  ”  Patent  Fuel. 


after  the  briquettes  leave  the  press,  as  also  a  better  finish.  AVith  Ovoid  bricjuettes 
this  is  specially  desirable. 

For  the  cooling  of  the  briquettes  as  they  leave  the  press  s’ow-moving  conveyors 
are  generally  employed  ;  these  may  in  the  case  of  Ovoids  be  used  for  automatic 
loading.  The  cooling  conveyor  greatly  reduces  the  waste  due  to  breakage,  and  also 
prevents  subsequent  “  sweating  ”  of  the  fuel. 

Among  the  largest  and  most  modern  briquetting  works  in  South  AAAles  is  that 
of  The  Rose  Patent  Fuel  Company,  Ltd.,  Swansea,  which  has  already  been  referred 
to.  The  iiritial  capacity  of  the  works  was  750,000  tons  per  annum,  and  when  the 
second  miit  is  completed  the  total  capacity  will  be  million  tons  per  annum. 

Two  sizes  of  blocks  are  made  as  illustrated  in  Fig.  53,  these  being  respectively 
Ilf  in.  X  9j^  in.  x  5f  in.,  weighing  26  lbs.,  and  Off  in.  x  5^  in.  x  4 A  hr., 
Aveighing  11  lbs.  The  composition  of  the  fuel  is  A^aried  to  suit  any  specified  require¬ 
ment  AAuthin  certain  limits,  these  being  approximately  a  range  in  volatile  content  of 
from  17  to  22  per  cent.,  and  ash  content  of  from  5  to  10  per  cent.,  the  calorific 
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standaid  being  guaranteed.  On  this  basis  fuel  is  specially  blended  and  made  to 
comply  Avith  a  specification,  and  to  displace  other  fuel. 

As  a  large,  modern,  and  very  completely  equipped  works,  a  descrijition  will 
doubtless  be  of  interest.  A  general  plan  showing  part  of  the  site  and  illustrating 
the  lay-out  is  shown  in  Fig.  54.  The  works  and  process  may  be  divided  into  three 
main  sections  for  convenience  in  describing  the  same  :  (1)  coal  cleaning,  drying, 
reception,  measuring,  blending  and  granulating,  also  reception,  measuring  and 


Fig.  54. — C4eneeal  Plan  and  Lay-out  of  Woek.s,  The  Rose  Patent 
Fuel  Co.,  Ltd.,  Swansea. 


A=Fan  and  pump  house. 

B— Engine-room,  containin" 
rotary  convertor  and 
switchboard. 

C=  Press  house  with  line  of 
presses, 

D=Coal  dryers. 


E=Coal  bin. 

F=  Main  coal  bins. 

(4=  Oil  tank. 

H=\Vashery. 

J=  Auto-W’eigliers. 

K= Hydraulic  accumulator. 
L=  Storage  for  pitch. 


Pitch  auto- weigher. 
X=Preparation  section. 
0= Pitch  road. 

P=  Stores  (underneath). 
Q= Traverser  pit. 
R=Boilei's. 

S=  Sidings, 


mixing  of  the  binding  ingredients  ;  (2)  distribution,' heating,  agglomerating,  pressing 
and  cooling  ;  (3)  steam  and  power  equipment. 

The  incoming  wagons  with  supphes  are  directed  according  to  the  class  and 
condition  of  the  coal,  either  to  a  washery  or  dryer  reception  bin,  or  to  one  or  other 
of  three  main  reception  bins,  all  of  which  are  constructed  of  reinforced  concrete,  and 
arranged  beloiv  ground  level.  Over  each  of  these  bins  extends  an  intake  sidin^ 
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for  tlie  particular  class  of  coal,  discharge  of  the  wagon  therein  being  effected  by 
direct  acting  hydraulic  tips,  two  of  which  are  provided  for  each  bin  so  that  wagons 
may  be  tipped  from  either  end.  The  wagons  after  being  discharged  pass  auto¬ 
matically — by  gravity — on  to  the  low  level  sidings. 

Coal  Washery. — The  coal  is  raised  by  a  totally  enclosed  elevator  to  the  upper 
parti  of  the  washery  building,  where  the  washing  plant  is  located,  the  lower  part  of 
this  building  containing  the  bunkers  both  for  the  washed  coal  and  the  extracted 
shale. 

The  cleaning  or  washing  process  provides  for  the  extraction  of  the  ash-forming 
constituents  of  the  coal,  dirt.,  shale,  etc.,  which  material  is  elevated  by  two  perforated 
bucket  elevators  to  a  bunker.  The  washed  coal  passes  over  drainage  sieves  and 
then  to  vibrating  screens,  where  it  is  classified  or  graded  in  sizes  If  in.  to  If  in., 
If  in.  to  I  in.,  and  if  desired,  |  in.  to  f  in.,  these  being  dehvered  by  chutes  direct  to 
their  respective  bunkers.  The  “  fines  ”  pass  over  a  concentrator  on  to  vibrating 
screens  where  it  is  drained,  and  finally  to  a  scraper  conveyor  above  the  storage 
bunkers  for  distribution  thereto. 

The  washery  provides  for  automatic  and  continuous  recovery  of  the  settled 
slurry  from  the  circulating  water,  which  is  utilised  by  distribution  among  the 
washed  “  fines  ”  for  the  works. 

After  draining,  the  “  fines  ”  with  the  concentrated  slurry  is  vuthdravTi  from 
the  bunkers  as  recpiired  by  means  of  a  second  scraper  conveyor  underneath.  This 
conveyor  transfers  the  fuel  to  an  elevator,  which  in  turn  delivers  it  on  to  a  band 
conveyor,  whence  it  passes  to  the  dryers. 

Coal  Drying. — After  drainage  in  the  washery  bins  the  “  fines  ”  for  fuel  manu¬ 
facture  have  a  moisture  content  of  approximately  10  to  12  per  cent.,  which  in  the 
dryers  is  reduced  to  about  2  per  cent.  The  dryers  embody  several  novel  features, 
providing  for  adjustment  to  suit  both  the  class  of  coal  and  the  moisture  content, 
as  also  provision  for  controlling  the  temperature  for  drying  and  the  cooling  of  the 
coal  before  its  discharge. 

The  dryers  are  constructed  in  units,  so  that  one  or  more  units  may  be  out  of 
use  as  desired.  Each  unit  comprises  vertical  sections,  forming  hollow  walls  for  the 
passage  of  the  coal  to  be  dried,  the  sections  being  arranged  in  polygon  form  around 
a  central  flue.  The  coal  is  dehvered  from  the  washery  by  a  conveyor  to  hoppers, 
which  form  the  upper  part  of  the  dryers,  and  the  hollow  walls  are  thus  filled  by 
gravity.  These  are  constructed  shghtly  wfider  at  the  base  than  at  the  top  to  ensure 
free  movement  of  the  coal,  and  are  also  so  constructed  as  to  permit  of  the  passage  of 
the  heating  gases.  Aroiind  each  dryer  unit  is  fixed  an  air  trunk  which  is  connected 
with  a  siiction  fan,  whereby  the  hot  gases  are  drawn  up  the  central  flue  and  through 
the  walls  of  coal.  The  moisture  is  thus  extracted  with  the  moist  gases  or  air. 

The  arrangement  of  these  vertical  walls  of  coal  provides  a  large  effective  area 
for  the  passage  of  the  drying  gases,  which  are  admitted  near  the  base  of  the  dryers 
and  regulated  by  a  valve.  At  the  outer  side  of  each  wall  valves  are  also  provided 
to  ensure  even  distribution  of  the  gases.  The  walls  are  sub-divided  horizontally  so 
that  the  coal  can  be  cooled  in  the  lower  section  before  discharge. 
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Discharge  is  effected  and  controlled  at  the  base,  where  the  coal  falls  from  the 
walls  on  to  a  slowly  revolving  table,  the  speed  of  which  may  be  varied  as  desired, 
thus  providing  for  variation  in  the  time  of  passage  of  coal  through  the  dryer.  The 
coal  is  finally  delivered  from  the  table  by  means  of  “  ploughs  ”  to  an  inclined  belt 
conveyor  for  transference  to  an  elevated  bin,  from  which  the  dried  coal  is  discharged 
as  required  to  one  or  other  of  the  main  reception  bins  for  the  fuel-making  process. 

Not  only  does  the  drying  equipment  deal  with  coal  from  the  washery,  but  other 
special  “  blend  ”  coals,  which,  while  not  requiring  Avashing,  have  too  high  a  moisture 
content,  can  be  delivered  to  the  dryers. 

Briquetting  Process. — The  main  reception  bins  already  referred  to  are  provided 
at  their  outlets  with  revolving  tables  for  automatically  measuring  the  delivery  and 
blending  of  the  different  classes  of  coal  to  be  used  in  the  manufacture  of  the  fuel. 
These  table  measurers,  which  each  have  a  capacity  of  up  to  120  tons  of  coal  per 
hour,  are  served  by  pans  connected  with  the  bins,  each  pan  being  fitted  with  two 
adjustable  doors  for  regulating  the  delivery  of  coal  to  the  table.  Discharge  from 
the  table  measurers  is  effected  by  means  of  “  ploughs,”  and  the  respective  coals 
then  pass  into  a  continuous  worm  conveyor,  which  serves  to  mix  them  together 
and  with  the  binding  materials,  the  binder  being  added  to  the  coal  in  this  mixing 
conveyor. 

The  pitch  binder  is  first  discharged  from  its  reception  bin  into  a  crusher,  from 
which  it  is  raised  by  means  of  a  bucket  elevator  to  a  smaller  delivery  bin.  From 
this  bin  it  passes  to  a  specially  designed  rotary  measuring  apparatus,  which  may  be 
adjusted  while  in  motion  to  any  required  proportion.  Before  discharge  into  the 
continuous  worm  conveyor  or  mixing  conveyor,  already  referred  to,  the  pitch  is 
granulated  in  a  disintegrator.  Other  binding  ingredient  is  also  added  to  the  correct 
proportions  of  coal  and  pitch,  which  have  been  delivered  to  the  conveyor. 

The  worm  conveyor,  which  provides  for  preliminary  mixing,  serves  a  large  and 
totally  enclosed  bucket  elevator,  the  function  of  which  is  to  feed  granulators  of 
special  construction,  wherein  the  fuel  mixture  of  coal  and  binding  ingredients  is 
reduced  to  granular  form. 

After  granulation  the  fuel  mixture  passes  by  way  of  a  screen  and  rotary  feeder 
on  to  a  short  belt  conveyor,  which  serves  a  large  bucket  elevator  which  delivers  the 
granulated  mixture  into  a  main  distribution  bin  provided  with  three  outlets.  From 
the  centre  outlet  the  mixture  passes  by  means  of  a  steel  chute  into  a  veidical  pug 
mill  heater.  The  other  two  outlets  serve  two  distributing  elevators,  each  of  which 
feeds  a  subsidiary  distributing  bin,  which  also  supply  another  two  heater  pug  mills 
by  means  of  steel  chutes. 

The  fuel  mixture  having  been  thoroughly  heated  by  means  of  highly  superheated 
steam,  and  agglomerated  in  the  pug  mills  to  a  proper  consistency  and  temperature, 
is  then  delivered  to  the  pans  of  the  presses  by  means  of  conveyors  of  the  paddle 
type.  During  its  passage  through  the  conveyors  it  is  tempered  or  cooled  to  the 
correct  degree  for  moulding  into  briquette  form.  The  pans  of  the  presses  are 
provided  with  stirrer  arms  which  serve  to  feed  the  finished  fuel  mixture  to  the  moidd 
tables  of  the  presses,  thus  ensuring  proper  filling  of  the  moulds. 
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Fig.  55. — IjOadtng  “  Ro.se  ”  I^atrnt  Furl. 
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The  presses  are  of  improved 
design  and  construction.  Each 

press  has  two  tables,  and  each 
table  is  provided  with  eight 

moulds,  the  moulds  having  vari¬ 
able  capacity  and  interchangeable 
liners  of  special  metal.  It  is 

thus  possible  to  produce  sixteen 
briquettes  of  from  22  to  26  lbs. 
each  (10  or  12  kgs.)  weight,  or 
alternatively  thirty-two  briquettes 
of  about  11  lbs.  (5  kgs.)  each  at 
every  revolution  of  the  tables. 

The  normal  capacity  of  a  press  is 
from  about  29  tons  to  35  tons 
of  briquettes  per  hour. 

Each  press  is  fitted  with  a 
clutch,  enabling  either  of  the  two 
tables  to  be  started  or  stopped 
independently.  The  briquettes 
are  automatically  pushed  off  the 
tables  of  the  presses  on  to  roller 
conveyors,  which  are  designed  for 
automatic  operation.  The  con¬ 
veyors  feed  forked  elevators  which 
raise  the  briquettes  to  a  loading 
stage  above  the  press  floor,  where 
they  are  delivered  to  other  roller 
conveyors  and  loaded  on  to  plat¬ 
form  trolleys  of  about  35  cwts. 
capacity.  The  briquettes  are 
thus  cooled  and  stored  on  an 
extensive  stage  ready  for  ship¬ 
ment. 

Special  attention  is  directed 
to  the  scientific  selection  of  coals, 
which  are  purchased  to  meet 
definite  and  specified  conditions. 
Chemical  laboratories  are  pro¬ 
vided  completely  equipped  for 
analysis  and  testing  of  the  coal, 
binding  ingredients,  fuel  mix¬ 
tures,  and  the  finished  briquettes, 
which  are  systematically  analysed. 
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The  power  equipment  comprises  steam  boilers  with  a  triple  expansion  engine, 
electricity  supply,  both  for  power  purposes  and  lighting,  and  also  hydraulic  power  for 
certain  special  requirements. 

The  buildings,  which  are  steel-framed  structures,  comprise  three  main  sections — 
the  press  house,  the  power  house,  and  the  mixing  and  measuring  section  at  a  lower 
level.  Adjoining  this  section  are  the  main  reception  bins,  which  are  also  roofed  in. 

Immediately  outside  the  building,  and  adjoining  the  press  house,  is  the  storage 
and  shipping  stage,  an  imposing  structure  of  ferro  concrete,  which  is  the  full  width 
of  the  press  house,  and  extends  to  the  shipping  wharf. 

Extensive  sidings  are  available  for  the  storage  of  coal  in  wagons,  and  also  large 
ground  storage  space.  For  the  handling  of  the  briquettes  the  arrangements  are 
very  complete,  comprising  a  very  comprehensive  trolley  stystem,  with  automatic 
weighing  machines  and  electric  cranes,  the  trolleys  upon  which  the  fuel  is  stacked 
when  discharged  from  the  press  house  being  lifted  by  the  electric  cranes  and  lowered 
into  ships’  holds  for  unloading  and  stacking.  Generally  these  works  may  be  said 
to  embody  not  only  the  latest  improvements  in  manufacture,  but  also  the  most 
complete  facilities  for  mechanical  handling  and  labour  saving. 

The  output  of  this  works  is  mainly  for  export,  the  briquettes  being  largely  used 
for  locomotives.  In  Fig.  55  is  shown  a  view  of  a  steamer  being  loaded  with  Rose 
patent  fuel. 

The  illustration.  Fig.  56,  shows  the  general  arrangement  of  a  briquetting  plant 
at  Leeds,  manufactured  and  installed  by  Messrs  Yeadon,  Son  &  Co.,  the  well-known 
briquette  machinery  makers,  in  order  to  demonstrate  upon  a  practical  and 
commercial  scale  the  possibilities  of  bricpxetting  various  classes  of  fuel. 

The  main  floor  of  the  works  is  arranged  at  the  railway  level,  so  that  coal  and 
pitch  as  delivered  can  be  discharged  directly  to  the  boot  of  the  coal  elevator  and 
pitch  cracker  respectively,  while  the  platform  provides  for  loading  the  briquettes 
direct  into  railway  wagons  on  the  one  side,  or  into  vehicles  for  local  delivery  on  the 
other  side. 

The  pitch  after  passing  through  the  cracker  is  elevated  to  the  mixer,  where  it 
meets  the  coal  raised  by  the  coal  elevator.  The  mixed  material  passes  down  a  chute 
and  over  a  magnetic  separator  into  the  disintegrator,  from  which  it  is  raised  by  a 
bucket  elevator  and  delivered  into  a  screw  conveyor  placed  between  the  two  pre¬ 
heaters  serving  the  Rectangular  and  Ovoid  presses  respectively.  The  conveyor  is 
so  arranged  that  the  whole  of  the  material  may  be  delivered  to  either  press  or 
apportioned  to  both  presses  simultaneously.  The  crushing,  mixing,  and  auxiliary 
plant  generally  is  equal  to  the  full  capacity  of  both  presses. 

The  presses  which  are  shown  in  Fig.  57  are  arranged  side  by  side.  The  Ovoid 
press,  which  has  a  capacity  of  4  tons  per  hour  of  3  oz.  Ovoids,  delivering  its  product 
on  to  a  short  conveyor,  upon  leaving  which  the  briquettes  are  sufficiently  cool  for 
loading.  A  certain  proportion  of  the  output  is  dispatched  in  raihvay  wagons,  but 
the  bulk  is  bagged. 

The  Rectangular  press  has  a  capacity  of  6  tons  per  hour,  and  produces  foiu’  2^  lb. 
briquettes  in  one  operation,  the  variation  in  weight  not  exceeding  half  an  ounce. 
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This  press  is  provided  with  a  simple  absolute  locking  motion,  which  eliminates  the 
possibility  of  over- running.  The  machine  discharges  on  to  a  short  l)and  conveyor, 
from  which  the  briquettes  are  removed  by  hand  for  loading  or  stacking. 

In  Figs.  58  and  59  respectively  are  shown  the  latest  types  of  Yeadon  bri(|uette 
presses,  the  former  being  a  standard  Ovoid  press  having  a  capacity  of  10  tons  per 
hour,  while  the  latter  is  a  standard  Rectangular  press  having  a  capacity  of  10  to 


Fig.  .57. — Yeadon  Ovoid  and  Rectangclar  Briquetting  Presses 
AT  Leeds  Briquetting  Works. 


12  tons  per  hour.  Fig.  60  illustrates  the  simultaneous  discharge  and  loading  of 
Rectangular  and  Ovoid  briquettes  at  the  Cramlington  Colliery  of  the  Cramlington 
Coal  Co.,  Ltd.,  the  former  being  taken  from  a  conveyor  and  hand  stacked,  while  the 
latter  are  being  discharged  from  an  overhead  conveyor  into  a  second  line  of  wagons. 

The  illustration,  Fig.  61,  is  a  composite  view  showing  on  the  floor  91  lbs.  of  small 
coal  and  9  lbs.  of  pitch,  and  on  the  table  twenty-five  2|  lb.  Rectangular  briquettes 
and  two  piles  of  2^  oz.  Ovoids,  the  product  of  the  100  lbs.  mixture.  For  the  use 
of  this  photograph  the  author  is  indebted  to  Messrs  Yeadon,  Son  &  Co.,  of  Leeds. 
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Fig.  58. — Ybadon’s  Standard  Ovoid  Briquetting  Press. 
Capacity,  10  Tons  per  Hour. 


Fig.  59. — Yeadon’s  Standard  Rectangular  Briquetting  Press. 

Capacity,  10  to  12  Tons  pee  Hour. 

having  a  capacity  of  10  tons  per  hour,  and  the  latter  a  plant  capable  of  producing 
either  20  tons  of  Rectangular  briquettes  or  alternatively  20  tons  of  Ovoids  per  hour. 

Referring  to  Fig.  62  the  coal  may  be  discharged  direct  from  railway  wagons 
into  the  bunker  A,  from  which  it  is  lifted  by  the  elevator  B  into  the  hopper  C, 
which  has  a  capacity  sufficient  to  supply  the  plant  for  from  two  to  three  hours. 
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Two  briquetting  plants  designed  by  Messrs  W.  Johnson  &  Sons,  Ltd.,  of  Leeds, 
are  shown  in  Figs.  62  and  63  respectively,  the  former  being  a  standard  Ovoid  plant, 
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The  pitch  when  delivered  is  stored  in  the  basement  D,  where  it  is  cracked  to 
about  1-inch  cube  or  less  in  the  pitch  cracker  E,  and  raised  by  the  elevator  F  into 
the  pitch  storage  hopper  G,  the  capacity  of  which  is  equivalent  to  that  of  the  coal 
storage  hopper  C,  already  referred  to. 

Beneath  the  hoppers,  C  and  G,  automatic  measuring  apparatus  is  provided, 
arranged  to  measure  and  deliver  both  coal  and  pitch  in  the  required  proportions 
into  the  mixer  H. 

In  the  mixer  the  coal  and  pitch  are  intimately  mixed,  being  then  carried 
forward  and  delivered  to  the  disintegrator  J,  where  the  mixture  is  reduced  to  a  fine 


Fig.  60. — Loading  Beiquettes  at  Chamlington  Colliery. 
(Cramlington  Coal  Co.,  Ltd.) 


powder  and  further  incorporated,  after  which  it  is  lifted  by  the  elevator  K  and 
discharged  in  the  service  hopper  L.  This  hopper  has  a  capacity  equal  to  supplying 
the  plant  for  from  one  to  two  hours. 

From  the  service  hopper  L  the  mixture  is  discharged  by  gravity  to  the  vertical 
heater  or  fluxor  M,  where  superheated  steam  up  to  a  temperature  of  about  500°  F. 
(depending  upon  the  class  of  coal,  pitch  and  moisture  content)  is  injected  into  the 
mixture,  which  is  kept  in  gentle  motion  by  means  of  a  stirring  shaft.  This  combined 
action  brings  the  mixture  down  to  the  required  even  consistency. 

In  this  condition  the  mixture  is  too  hot  for  use,  and  is  therefore  fed  from  the 
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heater  into  a  cooling  conveyor  N,  which  delivers  it  to  the  press,  at  the  same  time 
by  atmospheric  exposure  sufficiently  reducing  the  temperature  for  briquetting. 

From  the  cooling  conveyor  the  mixture  is  delivered  to  the  press  0,  in  which 
the  Ovoids  are  moulded  and  discharged  on  to  a  conveyor  or  other  suitable  receptacle. 

From  this  point  the  method  of  handling  adopted  depends  entirely  upon  particular 
or  individual  requirements.  In  the  scheme  shown  in  Fig.  G2  the  briquettes  are 
discharged  from  the  press  on  to  a  conveyor,  which  in  turn  discharges  on  to  a  dis¬ 
tributing  conveyor,  which  delivers  the  finished  Ovoids  into  loading  bunkers,  which 


Fig.  61. — Composite  View,  showing  Sm.4ll  Coal,  Pitch,  and  Briquettes. 

may  be  arranged  to  discharge  either  into  railway  wagons  or  into  a  ship’s  hold.  The 
distance  between  the  loading  bunkers  and  the  press  is  arranged  to  provide  for  cooling 
in  transit  so  that  the  briquettes  in  cooling  form  a  hard  skin. 

The  plant  illustrated  in  Fig.  63  is  operated  in  precisely  the  same  manner  as  the 
plant  already  described,  with  the  exception  that  the  Ovoid  section  of  the  plant  is 
.served  by  means  of  a  conveyor  from  the  service  hopper  A. 

In  connection  with  the  Rectangular  briquette  section  of  the  plant,  the  process 
is  identical  up  to  the  stage  when  the  briquettes  are  discharged  from  the  press.  At 
this  stage  they  are  lifted  on  to  flat  bottom  trucks  which  are  run  out  to  the  storage 
space. 
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Fig.  63. — Coiiplete  Alterkative  Johnson  Briquetting  Plant,  for 
Rectangular  or  Ovoid  Briquettes. 
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Here  it  is  desirable  that  the  briquettes  should  be  left  for  about  forty-eight 
hours  to  cool  and  harden,  after  which,  if  required  for  sea  transport,  the  loaded 


Fig.  64. — Johnson’s  Vektical  Table  Rectangulae  Briquetting  Press. 


truck  may  be  lifted  and  lowered  into  the  hold  of  the  ship,  the  blocks  then  being 
removed  and  stacked. 

In  the  case  of  rail  transport  the  loaded  trucks  are  rim  alongside  the  railway 
wagons,  which  are  loaded  by  hand. 

Fig.  64  shows  Messrs  Johnson’s  latest  type  vertical  table  rectangular  briquette 
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Fig.  66. — Dbiving  Mechanism  foe  a 


Johnson  Rotary  Type  Dryer. 
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press,  in  Fig.  65  the  revolving  table  type  of  measurer  which  is  connected  direct 
to  the  mixer  is  shown,  and  in  Fig.  66  the  driving  mechanism  for  a  rotary  type 
dryer. 

Briquetting  ivithout  a  Binder. — Hitherto  the  manufacture  of  briquettes  A\dthout 
the  use  of  a  binding  medium  has  been  limited  to  the  briquetting  of  brown  coal  in 
Germany,  but,  as  the  result  of  many  years  of  experimental  and  research  work,  a 
company  founded  by  the  late  Lord  Rhondda — Pure  Coal  Briquettes,  Ltd.- — have 
perfected  a  process  of  briquetting  without  the  use  of  a  binder. 

Briefly  the  process  comprises  initial  grinding  of  the  coal  to  a  required  condition 
of  fineness,  and  then  briquetting  it  under  heavy  pressure,  in  specially  designed 
presses,  either  of  the  “  Emperor  ”  or  Ovoid  type.  Ovoid  briquettes  may  thus  be 
made  in  any  size  required,  and  block  briquettes  up  to  10  in.  x  7  in.  x  5  in.  and  weighing 
15  lbs.  each. 

Alternatively  if  desired  an  “  artificial  coal  ”  may  be  produced  from  fines  in 
the  form  of  irregularly  shaped  nodules,  of  a  size  suitable  for  industrial  purposes. 
As  no  binding  material  is  used,  the  analysis  of  the  briquettes  and  the  fuel  from  which 
they  are  made  is  identical.  It  has,  however,  been  shown  by  comparative  evaporative 
tests  that  the  briquetted  coal  offers  considerable  advantages  over  the  raw  coal. 
These  advantages  may  be  briefly  summarised  as  follows  : — 

(fl)  In  most  cases  the  briquettes  are  harder  than  lump  coal,  and  will 
stand  transport  and  handling  better ;  this  is  particularly  marked  with  soft 
coals. 

(5)  If  made  from  house  coal  the  briquettes  bixrn  admirably  in  a  domestic 
grate,  giving  a  fire  which  yields  a  more  effective  radiation  than  that  from 
lump  coal. 

(c)  For  industrial  use  the  briquettes  are  better  than  lump  coal  for  the  following 
reasons  : — 

(1)  It  is  well  known  that  the  boiler  efficiency  obtained  with  briquettes  is  higher 
than  that  obtained  vdth  coal  of  equivalent  calorific  value. 

(2)  In  a  series  of  evaporative  tests  made  at  the  South  Wales  School  of  Mines, 
comparative  tests  were  made  with  a  South  Wales  steam  coal,  pme  coal  briquettes, 
and  patent  fuel  with  a  pitch  binder,  all  from  the  same  original  coal,  when  it  was 
shown  that  the  pure  coal  briquettes  were  quite  as  smokeless  as  the  original  coal, 
that  they  gave  a  remarkably  high  value  in  heat  transmission,  that  the  rate  of  heat 
transmission  was  higher  than  from  the  original  coal,  that  it  was  more  advantageous 
in  rapid  steam  generation,  that  a  more  even  furnace  temperature  was  maintained 
with  a  freedom  from  clinker  adherence. 

As  the  result  of  a  test  of  5  tons  of  pure  coal  briquettes  carried  out  by  officials 
of  the  French  Admiralty,  the  opinion  was  expressed  that  the  briquetted  fuel  Avas 
superior  to  South  Wales  steam  coal. 

It  is  claimed  for  these  briquettes  that  they  will  comply  with  the  specified 
requirements  for  manufactured  fuel  in  stability,  hardness,  atmospheric  exposure, 
and  immersion  in  water.  Further,  that  the  smoke  producing  properties  of  pitch 
bricjuettes  are  not  shown.  With  high  volatile  coal,  it  is  possible  to  incorporate  a 
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considerable  proportion  of  coke  breeze,  but  this  fuel  cannot  be  added  unless  the 
coal  has  a  volatile  content  of  from  25  to  35  per  cent. 

In  a  paper  ^  read  before  the  Society  of  Chemical  Industry  by  E.  R.  Siitcliffe, 
m.,  Ex.,  A.M.I.M.E.,  and  Edgar  C.  Evans,  B.Sc.,  F.I.C.,  M.I.M.E.,  entitled  “  The 
Influence  of  Structure  on  the  Combustibility  and  other  Properties  of  Solid  Fuels,” 
the  authors  thus  referred  to  briquetting  and  also  the  process  of  manufacture  without 
the  use  of  binding  material. 

(1)  “  Briquettes  can  be  readily  transported,  handled,  and  stored  for  an  indefinite 
period  without  deterioration.  (2)  Briquettes  when  burnt  on  locomotives  imder 
standard  conditions  show  an  increased  boiler  efficiency  over  coal  of  the  same  calorific 
value,  amoimting  to  15  per  cent,  in  favour  of  the  briquettes.  (3)  It  has  been 
demonstrated  that  25  per  cent,  more  briquettes  than  coal  can  be  burned  per  square 
foot  of  grate  area  per  hour. 

In  other  words,  briquettes  are  more  combustible  than  raw  coal,  a  result  entirely 
due  to  the  difference  in  structure  between  briquettes  and  coal. 

The  principal  advantages  of  briquettes  can  ultimately  be  attributed  to  their 
homogeneity  both  in  respect  to  structure  and  to  the  size  of  the  particles  of  which 
they  are  constituted. 

Briquettes  made  with  pitch  in  the  usual  way  are  not  entirely  homogeneous. 
The  coarsely  ground  coal  from  which  they  are  made  is  not  uniform  in  size,  and  the 
pitch  introduces  a  further  complication. 

A  stage  further  in  the  direction  of  homogeneity  can,  however,  be  obtained  by 
making  briquettes  without  the  addition  of  binding  material,  the  briquettes  thus 
consisting  of  uniformly  sized  particles  of  the  raw  coal  itself,  cemented  together  by 
the  binding  material  in  the  coal  substance.  Briquettes  of  this  type  can  be  obtained 
by  finely  grinding  the  coal  and  subjecting  it,  under  suitable  conditions,  to  a  pressure 
of  about  10  tons  per  square  inch.  For  all  practical  purposes  briquettes  of  this  type 
can  be  regarded  as  solidified  coal  dust,  they  are  considerably  more  homogeneous  in 
structure  than  any  of  the  fuels  yet  dealt  with,  and  a  study  of  their  properties 
serves  to  illustrate  in  many  ways  the  effect  of  structure  on  the  general  properties 
of  fuels. 

Details  of  the  comparative  tests  of  raw  coal,  briquettes  made  with  pitch,  and 
pure  coal  briquettes,  which  have  already  been  referred  to,  are  given  in  the  following 
table.  These  tests  were  made  under  imiform  conditions,  with  a  constant  draught 
of  0-6  in.  in  each  case.  The  briquettes  made  without  a  binder  burned  away  so 
quickly  that  with  the  thin  fires  maintained  it  was  found  very  difficult  to  keep  the 
grate  fully  covered  at  the  end  of  the  charging  period.  The  efficiency,  therefore, 
was  reduced,  and  a  better  result  could  have  been  obtained  either  by  reducing  the 
draught  or  working  the  boiler  at  a  higher  capacity. 

^  See  Journal  of  the  Society  of  Chemical  Industry,  June  30th,  1922,  vol.  xli.,  No.  12,  pp. 
196  T-208T. 
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TABLE  No.  34 


Surmnary  of  Comparative  Tests  made 
Fuel. 

Ultimate  Analysis — 

Carbon  ..... 

Hydrogen  ..... 

Ash  ...... 

Sulphur  ..... 

Oxygen  j 

Nitrogen  j  •  •  •  • 

Moisture  in  coal 

Analysis  of  Boiler  Ash — 

Moisture  ..... 

Ash  ...... 

Carbonaceous  matter  . 

Flue  Gas  Analysis — 

Carbon  dioxide  .... 

Carbon  monoxide 

Oxygen  ..... 

Nitrogen  ..... 

Heat  transferred  to  water  per  lb.  of 
dried  coal,  B.T.U.,  lower  value  . 

Calorific  value  of  dried  coal,  B.T.U. 

Heat  transmitted  per  sq.  ft.  of  heat¬ 
ing  surface  per  hour,  B.T.U. 

Weight  of  dried  fuel  fired  per  sq.  ft. 
of  grate  area  per  hour,  lbs. 

Equivalent  evaporation  of  water 
from  and  at  212°  F.  per  lb.  of 
dried  fuel,  lbs. 

AVeight  of  feed  from  and  at  212°  F. 
per  sq.  ft.  of  heating  surface  per 
hour,  lbs.  .... 

Equivalent  evaporation  per  lb.  of 
carbon  value  of  fuel,  from  and  at 
212°  F.,  lbs . 


at  the  South  Wales  School  of  Mines 


Raw  Coal. 

Briquettes 
made  with 
pitch. 

Pure  Coal 
Briquettes. 

Per  cent. 

86-3 

Per  cent. 

82-3 

Per  cent. 
82-1 

4-3 

4-0 

4-1 

4-2 

8-30 

7-71 

0-95 

0-98 

M5 

4-2 

4-42 

4-94 

0-77 

1-6 

0-85 

2-37 

0-23 

0-85 

51-80 

63-25 

34-25 

45-83 

36-52 

64-9 

5-04 

5-2 

5-9 

nil 

nil 

nil 

15-00 

15-00 

14-5 

79-96 

79-80 

79-6 

7,246 

6550-4 

6,997 

14,781 

14,182 

13,937 

4,070 

4,039 

4,650 

13-78 

15-05 

16-3 

7-52 

6-85 

7-25 

4-225 

4-225 

4-81 

7-31 

7-31 

7-55 
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These  tests,  while  being  admittedly  imperfect  in  several  res])ects,  sliow  tliat 
the  combustibihty  of  briquettes  fuel  increased  unth  the  degree  of  fineness  of  the 
coal,  and  with  the  homogeneity  of  the  product. 

As  the  residt  of  research,  it  has  been  showm  that  pure  coal  briquettes  offer 
great  possibilities  in  carbonisation,  both  in  the  extraction  of  by-products  and  in 
the  production  of  a  smokeless  fuel.  By  grinding  the  coal  to  a  suitable  size, 
approximately  to  pass  through  a  30-mesh  sieve,  with  about  20  to  25  per  cent,  of 
previously  carbonised  coal,  or  coke  breeze,  and  briquetting  the  mixture  in  an  Ovoid 
press  without  a  binder,  a  briquette  is  obtained  which  does  not  swell  in  the  retort, 
but  which  will  in  fact  pass  through  the  retoib  ■without  losing  its  shape,  while  the 
coke  discharged  rvill  be  either  of  the  same  size  as  the  original  briquette  or  a  smaller 
size,  depending  upon  the  character  of  the  coal  used. 

AVhen  the  briquettes  are  to  be  carbonised  it  is  not  necessary  to  subject  them 
to  the  heavy  pressure  required  for  the  production  of  pure  coal  briquettes,  it  is  only 
necessary  to  make  the  briquettes  sufficiently  coherent  to  stand  up  in  the  early 
stages  of  the  carbonising  process. 

The  washing  of  the  coal  in  order  to  reduce  the  ash  content  to  the  minimum 
is  desirable,  as  also  drying. 

Briquettes  produced  in  the  prehminary  process  can  be  carbonised  in  any  gas 
retort  or  coke  oven.  The  product  obtained  is  a  fuel  eminently  suitable  for  use 
in  suction  gas  producers  and  for  domestic  purposes,  either  in  open  grates,  or  in 
anthracite  stoves. 

If  carbonised  in  a  coke  oven  it  is  claimed  that  the  resulting  product  offers 
the  follo'wing  advantages  over  foundry  coke  : — ■ 

(1)  It  has  properties  very  similar  to  charcoal  in  combustion.  It  is  well  known 
that  charcoal  furnaces  have  a  carbon  consumption  frequently  30  per  cent,  lower 
than  coke  fired  furnaces,  and  it  is  hoped  that  if  this  fuel  be  used  on  a  large  scale 
for  blast  furnace  practice,  that  a  sa'ving  of  2  to  3  cwts.  per  ton  of  pig-iron  \vill 
be  effected. 

(2)  The  density  of  the  coke  is  considerably  greater  than  that  of  furnace  coke, 
and  O'wing  to  the  greater  space  available  for  ore  and  flux,  the  capacity  of  the  furnace 
will  be  increased  by  15  per  cent. 

(3)  The  coke  'will  retain  its  shape  practically  down  to  the  oxidising  zone  of 
the  bottom  of  the  furnace.  There  owing  to  its  active  nature  it  will  be  consumed 
at  a  rate  considerably  greater  than  in  the  case  of  furnace  coke,  resulting  in  an 
intense  concentration  of  heat  at  the  point  most  required. 

The  manufacture  of  briquettes  without  the  use  of  a  binder,  as  also  the 
carbonisation  of  such  briquettes,  and  the  production  of  a  smokeless  fuel,  has  great 
possibilities,  and  future  development  will  be  watched  with  much  interest. 


CHAPTEE  VIII 


FUEL  RECOVERY 

The  recovery  of  saleable  fuel  by  separation  from  waste  fuel,  asb,  and  cbnker,  is 
not  an  innovation.  For  many  years  past  in  tbe  larger  gas-works  in  this  and 
other  coimtries  washing  plant  has  been  successfully  used  for  the  recovery  of  coke 
and  coke  breeze  from  pan  ash  from  retort  settings,  and  the  percentage  of  graded 
fuel  recovered  has  -undoubtedly  justified  the  installation  of  expensive  plant. 

Until  within  the  past  three  years  no  plant  of  this  kind  has  been  available  for 
the  smaller  gas-works,  as  also  for  the  economical  treatment  of  waste  from  steam  boiler 
and  other  furnaces.  While  there  has  been  a  general  desire  upon  the  part  of  gas 
engineers  to  recover  saleable  fuel  from  waste,  the  capital  cost  of  suitable  plant  has 
been  much  too  high,  and  the  cost  of  hand  screening  and  picking  has  been  pro¬ 
hibitive  in  many  cases  o-nung  to  the  cost  of  labour.  With  the  increased  cost  of 
coal,  and  accordingly  the  enhanced  value  of  coke  and  breeze,  the  recovery  of  the 
maximum  proportion  of  saleable  fuel  has  become  imperative.  The  recent  develop¬ 
ment  of  simple  and  expensive  plant  for  the  separation  and  recovery  of  fuel  from 
incombustible  waste  has  led  to  its  rapid  adoption  not  only  in  Great  Britain,  but 
in  other  coimtries. 

As  viU  be  shown,  fuel  recovery  is  no  longer  confined  to  gas-works.  On  the 
Continent  such  plant  is  now  extensively  used  by  railways,  electric  power  stations, 
and  industrial  works. 

The  German  railways,  for  instance,  were  formerly  only  able  to  utihse  from 
55  to  77  per  cent,  of  the  combustible  in  the  coal,  the  balance — chnker,  cinder,  and 
ash — having  been  regarded  as  valueless,  although  it  has  since  been  sho-wn  to  contain 
50  per  cent,  or  more  of  combustible  material. 

It  was  reported  by  the  United  States  Consul  at  Frankfort-on-Main,  that  thirteen 
large  recovery  works,  haifing  a  total  handhng  capacity  of  420,000  tons  of  ash  and 
cinder  per  annum,  are  noiv  either  in  operation  or  imder  construction.  The  quantity 
of  coke  obtained  is  estimated  at  164,000  tons,  with  an  average  calorific  value  of 
5500  B.T.U.’s  per  lb.,  compared  with  7000  B.T.U.’s  per  lb.  for  hard  coal.  The 
fine  coke,  ivith  the  addition  of  fine  coal,  and  hard  pitch  is  used  in  the  manufacture 
of  briquettes  ;  about  74,000  tons  of  briquettes  being  thus  obtained,  having  a  calorific 
value  of  6500  B.T.U.’s  per  lb. 

The  proportion  of  unburned  and  partially  burned  fuel  which  is  lost  in  the  removal 
of  chnker  and  ash  both  from  hand  and  machine  fired  furnaces,  and  not  only  in 
connection  -vidth  steam  boilers,  is  well  known  to  be  serious.  This  loss,  which  varies 
considerably,  is  due  to  a  number  of  factors  ;  it  may  be  as  low  as  10  per  cent. 
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or  even  less,  but  in  a  very  large  number  of  works  it  is  not  less  than  from  2(J  per  cent, 
to  30  per  cent.  So  heavy  is  the  loss  of  combustible  through  riddling,  unsatisfactory 
combustion,  and — in  the  case  of  hand  fired  furnaces — carelessness  in  the  cleaning 
of  fires,  that  this  source  of  loss  can  no  longer  be  disregarded. 

Apart  from  the  actual  waste  and  loss  of  fuel,  the  cost  of  haidage  and  disposal 
of  ash  and  chnker  is  a  serious  item  in  the  cost  of  steam  generation.  Fuel  recovery, 
therefore,  is  well  worth  serious  consideration,  not  only  because  of  the  propoidion 
and  value  of  the  fuel  recovered,  but  also  because  it  correspondingly  reduces  the 
cost  of  disposal. 

Most  of  the  systems  of  fuel  recovery  in  use  employ  water,  some  of  these  pro¬ 
cesses  will  be  described  and  illustrated  as  also  a  recently  introduced  German 
process  of  magnetic  separation. 

The  Columbus  Coke  Separator 

The  Columbus  coke  separator,  which  is  illustrated  in  Figs.  67  and  68,  is  now 
in  use  in  a  number  of  gas-works  for  the  recovery  of  coke  from  the  ashes  from 


h 
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Fig.  67. — The  Columbus  Coke  Sbpaeatok. 


regenerative  retort  settings.  This  simple  type  of  separator,  which  is  made  in  three 
sizes — viz.,  2,  4,  and  9  to  13  cubic  yards  capacity  per  hour — may  be  briefly  described 
as  follows  : — 

The  apparatus  comprises  two  main  parts  ;  a  rotary  screen  into  which  the 
mateiial  is  fed,  and  the  separator  proper.  The  material  first  passes  a  fine  mesh 
rotary  screen  which  rejects  the  fine  dust,  thence  through  a  second  rotary  screen 
having  a  3Lin.  mesh,  which  ejects  the  larger  pieces  of  clinker.  From  this  screen 
the  material  is  delivered  into  the  separator  chamber,  which  consists  of  a  sheet-iron 
container,  within  which  revolve  in  separate  compartments  two  super-imposed 
worm  conveyors.  The  container  is  kept  half  filled  with  water,  the  specific  gravity  of 
which  is  increased  by  the  admixture  of  clay,  loam,  or  any  similar  suitable  material. 

Upon  falhng  into  this  liquid  the  heavy  chnker  and  incombustible  sinks,  while 
the  lighter  coke  floats  on  the  surface.  The  upper  worm  conveyor,  which  is  so  set 
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as  to  travel  well  below  the  working  level  of  the  liquid,  conveys  the  combustible 
to  a  discharging  shoot.  The  lower  worm  conveyor,  which  is  set  at  the  bottom  of 
the  tank,  removes  the  incombustible,  passing  the  same  to  a  separate  discharge 
shoot. 

The  smallest  size  of  plant  is  arranged  for  feeding  by  hand,  the  larger  sizes  are 
automatically  fed  by  means  of  an  elevator  conveyor.  If  desired  in  coimection  A\dth 
the  larger  plants,  additional  screens  may  be  pro\dded  to  grade  the  recovered  fuel 
in  sizes  down  to  j  in. 


Fig.  68. — The  Columbus  Coke  Sepaeatoe  at  Eichmokd  (Sueeey)  Gas  Woeks. 

The  power  required  for  operation  varies  from  H  H.P.  to  4  H.P.,  according  to 
the  capacity  of  the  plant,  which  recpiires  but  the  minimum  of  unskilled  labour. 

A  test  of  a  Columbus  separator  of  the  smallest  size  at  the  works  of  the 
Eichmond  Gas  Company,  Eichmond,  Surrey,  in  November  1922,  vdth  wet  pan 
ash  breeze  gave  the  following  results  : — 


Weight  of  pan  ash  breeze 

Tons. 

Cwts. 

Qrs. 

Cubic 

yards. 

Per 

cent. 

treated  .  .  . 

6 

9 

2 

=  10 

Weight  of  coke  recovered 
Weight  of  fine  dust  and  breeze 

2 

12 

0 

=  4-5 

=40-3  per  cent. 

recovered 

1 

15 

0 

=  2-75 

=27-1  ,, 

Weight  of  chnker 

2 

2 

0 

=  2-75 

=32-6  „ 

The  time  occupied  in  treating  10  cubic  yards  of  ash  as  above  was  3  hours 
50  minutes. 
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The  following  tabulated  data  showing  the  percentages  of  coke  recovered  with 

Columbus  separators 

at  a  number  of  gas-works,  not  only  show  a  remarkable 

uniformity,  but  also  serve  to  demonstrate  that  the  percentage  recover} 

is  such 

as  to  more  than  justify  the  provision  of  recovery  plant. 

Coke. 

Clinker. 

Fine  Asli. 

Per  cent. 

Per  cent. 

Per  cent. 

Blackburn 

44 

23 

33 

Brighton  . 

43 

32 

25 

Hampton  Wick 

54-1 

16-7 

29-2 

Lea  Bridge 

41-6 

21-5 

36-9 

Nelson 

42-15 

26-44 

31-41 

Oxford 

43-1 

25-0 

31-9 

Richmond 

40-3. 

32-6 

27-1 

Southampton 

53-12 

41-66 

22-39 

31-94 

24-47 
26-38  1 

Coal  gas  plant 
Carburetted 

water  gas  ^  lant 

Croydon  Gas  Company 

Difference 

o  o  Alotor 

Weight  of 

Weight  of 

Weight  of 

Weight  of 

in  weight 
ill  and  out 

power. 

pan  breeze 
treated. 

coke 

recovered. 

tine  ash 
recovered. 

clinker 

recovered. 

of  machine 
= water  and 

m 

clay. 

T.  C.  Qrs. 

T.  C.  Qrs. 

T.  C.  Qrs. 

T.  C.  Qrs.  T 

C.  Qrs. 

C  6  H.P.  April  24 

21  8  1 

11  18  1 

8  8  1 

5  14  1  1 

1 9  9 

i  ^  *J 

=45-68% 

=32-24% 

=21-87% 

-.6-140^ 

C  6  H.P.  April  26 

17  11  1 

7  14  0 

6  5  0 

4  10  1 

18  0 

=41-72% 

=33-87% 

=24-25% 

=4-87% 

The  Coulson  Pan  Breeze  Washer 

The  Coulson  pan  breeze  washer,  which  combines  a  rotary  washer  with  a  screen 
for  grading,  is  perhaps  one  of  the  best-known  types  in  use  in  the  larger  gas-works 
both  in  London  and  in  the  provinces  for  the  recovery  of  coke  and  coke  breeze  from 
what  is  generally  known  as  pan  breeze. 

Although  the  arrangement  of  the  plant  may  be  varied  to  some  extent  to  meet 
particular  requirements,  in  its  standard  form  it  comprises  a  rotary  screen  in  com¬ 
bination  with  a  rotary  washer  barrel  or  drum  ;  the  screen  is  used  for  the  separation 
or  grading  of  the  material  into  various  sizes,  and  the  washer  to  separate  the  clinker 
from  the  coke.  The  water  used  may  be  returned  through  the  cycle  repeatedly,  the 
whole  plant  being  driven  by  means  of  a  gas  engine  or  any  other  source  of  power 
preferred  as  may  be  most  convenient. 

A  typical  Coulson  plant  at  the  Nine  Elms  Gas-Works  of  The  Gas  Light  and 
Coke  Company  which  is  driven  by  a  40  H.P.  gas  engine  may  be  thus  briefly 
described  : — 

The  pan  breeze  brought  from  the  several  retort  houses  is  fed  into  the  boot  of  a 

^  Pan  breeze  from  coal  gas  plant. 
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bucket  elevator  through  a  grating  at  floor  level,  the  larger  liunps  t)eing  broken  bv 
hand.  The  elevator  dehvers  the  material  to  an  inclined  lotaiy  screen,  in  tliree 
sections :  dust,  flne,  and  large.  The  dust  is  dehvered  into  a  shoot  from  which  vehicles 
may  be  loaded,  the  flne  and  the  large  material  pass  to  their  respective  steel  plate* 
bunkers.  The  large  material  which  does  not  pass  through  the  screen  falls  from 
the  end  of  it  on  to  a  picking  band,  from  which  the  large  pieces  of  clinker  are 
removed  by  hand,  while  the  large  coke  drops  from  the  return  end  of  the  belt  into 
a  loading  spout. 

With  two  sizes  of  material  available  in  their  respective  bunkers — i.e.  flne,  and 
large — these  are  now  ready  for  separate  treatment  in  the  rotary  washer,  with  which 
the  bunkers  communicate  by  means  of  a  shghtly  inclined  spout,  into  which  the 


Fig.  70. — The  Coulson  Pan  Ash  Washer. 


water  for  washing  is  dehvered  by  a  centrifugal  pump.  The  pan  breeze  is  thus  flooded 
down  into  the  washer  barrel.  This  barrel  is  set  at  a  shght  inclination,  and  for  the 
greater  part  of  its  length  is  made  of  sohd  plate,  only  a  few  feet  at  the  lower  end 
being  finely  perforated  to  allow  the  water  to  drain  off  from  the  coke,  the  water 
returning  to  a  setthng  tank  below  the  structure,  whence  it  is  drawn  back  again  by 
the  centrifugal  pump.  A  dredging  elevator  is  provided  for  periodical  removal  of 
the  silt,  provision  also  being  made  for  preventing  the  choking  of  the  pump 
suction.  Clean  coke  is  discharged  at  the  lower  end  of  the  washer  barrel,  which 
internally  has  two  hehxes  ;  the  one  in  the  upper  or  solid  portion  of  the  washer  is 

L 


162  UTILISATION  OF  LOW  GRADE  AND  WASTE  FUELS 

so  arranged  as  to  discharge  all  clinker  at  this  point,  while  the  lower  hehx  in  the 
perforated  end  of  the  washer  discharges  the  clean  drained  coke  or  breeze  as 
the  case  may  be. 

The  Coulson  washer  is  illustrated  in  Figs.  69  and  70. 

The  Meguin  Ash  Washer 

The  Meguin  ash  washer,  made  by  Meguin  Actien  Gesellschaft  of  Butzbach, 
Hessen,  Germany,  is  illustrated  in  Fig.  71,  the  method  of  operation  being  as 
follows  : — ■ 

The  ashes  are  tipped  on  to  a  grid  covering  the  pit  (a),  the  grid  comprising  bars 


Fig.  71. — The  Meguin  Ash  Washee. 


spaced  about  70  mm.  apart ;  lumps  over  70  mm.  in  size  are  retained  on  the  grid,  and 
if  composed  of  combustible  entirely,  or  in  combination  vuth  chnker,  may  be  broken 
or  picked  out  by  hand.  The  material  then  drops  into  the  hopper  of  the  elevator  (6), 
by  which  it  is  dehvered  on  to  the  classifying  screen  (s),  where  it  is  separated  into 
two  sizes,  viz.,  from  0-8  mm.,  wliich  material  is  usually  rejected,  and  8-70  mm., 
which  passes  into  the  washer  (c),  where  the  combustible  is  separated  from  the  incom¬ 
bustible.  The  former,  being  hghter,  passes  over  the  washer,  while  the  heavier  and 
incombustible  material  passes  through  the  washer  box,  leaving  at  the  base,  and 
passing  into  the  dirb  elevator  (E). 

The  recovered  coke  passes  from  the  washer  on  to  the  rigid  screen  (d),  where  it  is 
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■drained,  and  is  then  finally  delivered  into  waggons.  The  incoiubnstilde  residue  is 
lifted  by  the  elevator  and  discharged  into  trucks  or  waggons  for  removal. 

The  water  used  in  the  washing  process  is  drained  into  the  settling  tank  P  1 
and  conveyed  to  the  washer  for  further  use.  The  plant  may  be  driven  from  an 
existing  shaft  or  by  means  of  a  motor  and  intermediate  shafting.  In  Fig.  72  is 
illustrated  a  Meguin  ash  washer  at  Wandsbeck  Gas-Works,  near  Hamburg,  where  it 
is  claimed  that  the  percentage  recovery  is  from  50  to  60  per  cent. 

The  type  of  Meguin  combined  ash  washing  and  bricpietting  plant  as  used  for 


Fig.  72. — The  Meguin  Ash  Washer  at  Wandsbeck  Gas  Works,  near  Hamburg. 

the  treatment  of  locomotive  ash,  in  Germany,  which  has  already  been  referred  to, 
is  illustrated  in  Fig.  73.  The  method  of  operation  is  as  follows  : — • 

The  material  to  be  treated  is  discharged  into  the  supply  pit  by  means  of  a  waggon 
tippler.  A  charging  cylinder  which  is  capable  of  shde  adjustment  conveys  the 
material  to  the  pit  of  the  charging  bucket  elevator,  whence  it  is  delivered  to  a  large 
classifpng  drum. 

In  this  drum  the  material  is  graded  from  0  to  8  mm.  and  8  to  20  mm.,  and  is 
thence  dehvered  to  two  special  bunkers  fitted  wdth  a  regulating  device,  from  which 
it  is  discharged  on  to  two  quadruple  field  magnetic  separators. 

These  two  separators  extract  the  combustible  from  the  incombustible,  delivering 
the  latter  into  a  bunker  for  removal,  and  the  former  into  a  storage  hopper  for  further 
treatment.  Both  are  so  stored  as  to  permit  of  removal  direct  from  the  bimkers  into 
tip  or  railway  wagons. 
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Ftg.  73, — The  MitotriN  CoMBiuEn  Ash  Washing  and  Bbiqhetttng  Phaht, 
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From  the  fuel  storage  hopper  the  smallest  fuel,  0  to  8  mm.,  is  conveyed  to  the 
briquetting  plant,  and  the  larger  fuel,  20  to  80  mm.,  is  conveyed  by  means  of  a  chute 
from  the  screening  drum  to  the  washer,  or,  if  desired,  to  the  picking  belt. 


Fig.  74. — The  Megvin  Waste  Fuel  Briquetting  Press. 

The  washer,  which  is  a  special  patented  feature  of  this  process,  is  of  the  piston 
type,  with  which  it  is  claimed  a  complete  separation  of  the  ash  from  fuel  is  effected. 
The  recovered  combustible  is  dehvered  on  to  a  screen  for  drainage. 

From  this  screen  the  fuel  is  conveyed  to  a  picking  belt,  where  any  porous  chnker 
or  incombustible  not  previously  separated  is  removed  before  the  fuel  is  dehvered 
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to  a  secondary  screening  drum  arranged  above  the  bunkers.  In  this  drum  the  fuel 
is  finally  graded  from  21  to  35  mm.  and  36  to  80  mm. 

The  water  used  in  the  washer  is  run  off  into  a  precipitation  or  silt  tank,  and 
thence  passes  into  a  storage  tank  for  future  use,  being  lifted  from  this  tank  to  the 
washer  as  recpiired  by  means  of  a  centrifugal  pump. 

The  incombustible  ash  discharged  from  the  washer  is  removed  by  means  of 


a  bucket  elevator  into  the  ash  bunker,  from  which  it  may  be  delivered  direct  to 
railway  wagons. 

The  recovered  fuel  used  for  bricpietting  is  nfixed  by  hand  with  about  8  per 
cent,  of  pulverised  hard  pitch,  which  is  ground  in  a  pitch  mill  arranged  at  the  floor 
level  and  adjoining  the  fuel  hopper. 

The  nfixture  of  fuel  and  pulverised  pitch  being  dehvered  into  the  pit  of  a  bucket 
elevator  is  hfted  to  the  mixer,  where  it  is  very  thoroughly  mixed,  superheated 
steam  at  a  temperature  of  from  about  270°  to  350°  C.  being  supphed  to  the  mixer. 
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At  the  lower  end  of  the  mixing  chamber  a  distribnting  de^'ice  foices  the  mass 
into  the  moulds  of  the  former  plate.  The  briquetting  ju'ess  is  pro\Tded  with  three 
pressing  and  three  expelling  dies.  A  typical  Meguin  bihpretting  press  is  illustrated 
in  Fig.  74. 

The  briquettes,  which  are  usually  about  50  mm.  long  and  (iO  mm.  in  diameter, 
are  discharged  from  the  press  over  a  screening  chute  on  to  a  belt  conveyor,  wliich 
in  turn  discharges  through  an  adjustable  loading  chute  into  railway  wagons. 

The  “  Notanos  ”  Pan  Ash  or  Coke  Washer 

The  Notanos  pan  ash  washer,  which  is  illustrated  in  Figs.  75  and  7(),  has  been 
extensively  used  for  some  years  past  in  many  of  the  principal  gas-works  in  Great 


Fig.  76. — The  Notanos  Pan  Ash  Washee. 

Britain,  and  also  in  Continental  countries,  for  the  recovery  of  coke  and  coke  breeze 
from  pan  ash. 

The  washer  is  built  up  of  mild  steel  plates,  angles,  etc.,  securely  riveted  together 
to  make  a  box  section  trough,  approximately  2  ft.  6  ins.  wide  by  32  ft.  long. 
The  trough  is  fitted  with  a  screening  deck,  washing  deck  (set  at  an  inclination),  and 
draining  deck  carried  on  cast-iron  rollers,  having  chilled  treads  supported  on  stools 
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of  cliannel  iron  section.  Tire  paths  of  the  rollers  are  fitted  A\dth  renewable  wearing 
flats,  the  rollers  being  held  in  position  -ndth  steel  spindles,  coupled  together  mth 
steel  springs. 

The  driving  gear  inechanisnr  is  connected  to  the  trough  by  means  of  a  universal 
joint,  which  allows  for  any  shght  irregularities  in  the  forrndations  due  to  settlement. 

The  driving  gear  comprises  driving  and  propulsion  shafts  carried  in  substantial 
bearings  lined  Avith  gun-metal  steps,  the  bearings  being  securely  bolted  to  a  bed 
frame  built  up  of  rolled  steel  sections  and  plates.  The  propulsion  shaft  is  fitted 
with  arr  eccentric  connecting  rod,  and  the  drmng  shaft  is  fitted  rvith  a  heavy  fly¬ 
wheel  driving  pulley.  The  power  from  the  fly  wheel,  is  transmitted  through  the 
driving  shaft  to  the  propulsion  shaft  by  means  of  a  coupling  or  drag  hnk.  This 
driving  mechanism  imparts  to  the  washer  trorrgh  a  practically  uniform  accelerated 
forward  motion,  giving  a  pulsating  action  to  the  recovered  fuel  when  passing  over 
the  adjustable  Aveir  on  to  the  drairring  deck,  and  a  conveying  action  to  the  chnker, 
etc.,  sufficient  to  overcome  the  flow  of  water,  and  at  the  same  time  hberate  any 
coke  hkely  to  be  carried  avA'ay  vdth  the  clinker. 

The  method  of  feeding  the  washer  is  as  follows  : — The  pan  ash  before  being  fed 
on  to  the  washer  screen  is  tipped  on  a  grid  having  bars  spaced  from  2|  in.  to  3  in., 
in  order  to  prevent  the  larger  pieces  of  coke  and  clinker  from  being  fed  into  the 
washer.  The  material  which  passes  throrrgh  the  grid  is  fed  on  to  the  screening  deck 
of  the  washer  by  means  of  an  elevator  or  other  suitable  provisioir,  and  traverses 
the  length  of  the  screeir,  Avhere  material  up  to  |  in.  and  uirder  is  takeir  out  and  is 
not  washed. 

Material  exceeding  |  in.  in  size  falls  ov^er  the  end  of  the  screening  deck  iirto  the 
washer,  where  it  meets  a  flow  of  water  ;  the  AA^ater,  combined  with  the  action  of  the 
machine,  separates  the  coke  fronr  the  chnker  or  other  material  having  a  similar 
specific  graAuty. 

The  separated  or  recovered  coke  is  carried  doAvn  the  trough  AA’ith  the  floAv  of 
water  and  floats  over  arr  adjustable  AA^eir  on  to  a  draining  deck  beneath,  where  the 
conveying  action  of  the  machine  carries  the  coke  over  the  draining  plate  to  a-  suitable 
point  for  discharge,  either  into  a  hopper  or  wagons  as  may  be  desired.  If  it  is 
recjrrired  to  grade  the  coke,  by  extending  the  draiiring  deck  Avithirr  certain  hmits  and 
providing  sizing  grids,  this  rrray  be  done. 

The  water  AALich  floAvs  over  the  weir  AAith  the  coke  passes  through  the  draining 
plate,  is  collected,  and  flows  to  the  tank  for  precipitation.  This  AAuter  is  in  constant 
circulation  and  use. 

The  chnker  or  AA^aste  of  similar  specific  gravity,  being  heavier  than  the  coke,  falls 
to  the  bottom  of  the  AAushing  deck,  and  coming  under  the  conveying  action  of  the 
machine  is  carried  up  the  AAUshing  deck  against  the  reverse  flow  of  water,  and  in  the 
opposite  direction  to  that  taken  by  the  AA'ater  and  coke,  to  be  discharged  from  the 
trough  at  the  high  end  of  the  machine. 

The  Notanos  Avasher  is  A^ery  simple  in  operation ;  it  is  open  to  inspection, 
easily  adjusted,  and,  AA^hen  once  set  to  deal  with  one  class  or  grade  of  material, 
does  not  require  further  attention. 
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The  volume  of  wash  water  required  iu  circidatiou  is  T20  gallons  per  minute, 
with  sufficient  make-up  water  to  allow  for  waste,  due  to  absorption  by  the  treated 
material. 

The  capacity  of  the  washer  varies  from  3  to  5  tons  ])er  hour  and  tlie  power 
required  for  driving  is  6  H.P.  A  modified  form  of  this  washer  is  used  for  coal 
Avashing. 


Dry  Recovery  by  Magnetic  Separation 

In  a  new  fuel  recovery  process  introduced  by  Fried  Krupp  A.  G.  Grusonwerk 
of  Madgeburg,  Germany,  electro-magnetic  separation  is  successfully  employed. 

This  process  is  based  upon  the  fact  that  practically  all  coals  contain  iron  in 
the  form  of  pyrites,  having  no  magnetic  properties,  which  as  the  result  of  burning 
is  converted  into  oxides,  which  are  susceptible  of  magnetic  attraction.  It  has 
been  shown  that  the  whole  of  the  iron  found  in  the  residual  clinker  and  ash  is  in  a 
very  much  more  concentrated  form  than  in  the  raw  coal  as  fired,  and  these  facts 
are  taken  advantage  of  in  order  to  effect  the  separation. 

As  the  result  of  exhaustive  experiments,  it  has  been  shown  that  the  ash  from 
coal  of  every  kind,  even  including  lignite,  may  be  successfully  treated  by  magnetic 
separation  and  that  on  an  average  the  percentage  recovery  of  coal  and  coke  exceeds 
30  per  cent,  of  the  weight  of  the  material  treated,  while  in  some  cases  it  has  reached 
50  per  cent,  and  even  higher. 

For  capacities  ranging  from  5  cwts.  up  to  2  tons  of  ash  per  hour,  a  plant  having 
one  magnet  drum  is  sufficient,  the  drum  being  provided  Avith  from  one  to  four 
magnetic  fields.  The  drum  rotates  slowly  about  an  horizontal  axis,  similarly  to 
the  drum  or  pulley  type  of  magnetic  separator  such  as  is  used  for  the  extraction 
of  metal  from  coal  in  connection  Avith  pulverised  fuel  plant. 

The  material  to  be  separated  is  fed  on  to  the  drum  through  a  \fibrating  screen, 
Avhich  in  the  case  of  the  larger  plants  may  be  fed  by  means  of  a  bucket  elevator. 
On  the  screen  the  material  is  graded  into  various  sizes,  each  size  passing  sejiarately 
to  the  drum. 

The  incombustible  containing  iron  is  held  magnetically  to  the  surface  of 
the  drum  for  half  a  revolution,  and  as  the  exciting  current  is  broken,  drops  off 
the  drum  into  tip  trucks,  Avagons,  or  other  receptacles  as  may  be  provided.  The 
recovered  coal  and  coke  do  not  adhere  to  the  drum  but  leave  its  surface  directly 
after  contact,  and  are  automatically  delivered  into  their  oAvn  receptacles. 

One  very  important  advantage  of  this  process  of  separation  and 
recovery,  as  compared  with  other  systems  using  water,  is  the  fact  that  the  jirocess 
is  dry.  For  this  reason  light,  small,  and  porous  incombustible  does  not  adhere 
to  the  coke,  thus  the  fuel  recovered  is  clean,  and  not  haAdng  been  in  contact  AA’ith 
Avater  there  is  no  added  moisture  to  evaporate. 

It  is  claimed  that  the  percentage  of  fuel  recovery  is  higher  than  Avith  any  system 
using  water,  inasmuch  as  it  is  impossible  Avith  the  latter  system  to  avoid  the  loss 
of  fine  combustible. 

The  operation  cost  of  magnetic  separation  plant  is  Ioav,  the  electric  energy 
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required  for  the  magnet  being  from  0-8  to  1  k.w.  per  ton  of  ash  and  clinker  treated, 
while  the  power  required  for  driving  the  separator,  including  also  the  vibrating 
tray  or  screen,  varies  from  I  to  f  H.P. 

If  desired  the  magnetic  separator  may  be  combined  with  more  than  one  screen, 
as  also  a  picking  belt  and  a  bucket  elevator.  The  plant  is  made  of  either  the  fixed 
or  portable  type,  the  latter  being  arranged  on  a  wheel  base. 

A  complete  plant  having  a  capacity  of  3  tons  per  hour  is  illustrated  in  Fig.  77, 
the  operation  of  which  may  be  briefly  described  as  follows  ; — 

The  ash  is  discharged  from  tip  wagons  on  to  a  “  grizzly,”  or  grid,  (1),  which 
has  a  spacing  of  75  mm.  (3  in.  square).  From  the  larger  pieces  remaining  on  the 


Fig.  77. — The  Kevpp  Magnetic  Sepaeatoe.  Capacity,  3  tons  of  Ash  pee  Houe. 

grid  the  incombustible  and  coke  are  picked  out  and  removed,  while  the  pieces 
comprising  incombustible  and  coke  in  combination  are  broken  up  either  bv 
hand  or  in  a  stone  crusher.  All  the  material  passing  through  the  grid  falls  into 
the  hopper  (2)  immediately  beneath,  from  which  it  is  conveyed  by  means  of  the 
vibrating  chute  (3)  into  the  bucket  elevator  (4).  The  bucket  elevator,  which  if 
desired  may  be  replaced  by  a  grab,  conveys  the  material  to  the  cone  classifier  (5), 
in  which  it  is  graded  to  various  sizes,  for  instance  0  to  15  mm.  (0  to  |  in.), 
15  to  35  mm.  (|  in.  to  If  in.)  and  35  to  75  mm.  (If  in.  to  3  in.).  The  fines  from 
0  to  f  in.  pass  on  to  the  magnetic  separator  (6)  and  the  material  from  |  in.  to  If  in. 
to  the  magnetic  sejiarator  (7),  while  the  coarser  pieces  from  If  in.  to  3  in.  pass  on 
to  a  picking  belt.  The  recovered  coke  and  coal  are  delivered  into  the  bin  (8),  while 
the  incombustible  is  delivered  into  bin  (9),  from  which  the  material  may  be 
separately  discharged  into  vehicles  as  desired. 
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In  Fig.  78  is  shown  a  portable  or  travelling  magnetic  ash  separator  having  a 
capacity  of  2  tons  per  hour  treating  locomotive  ash  for  the  Hungarian  State  railways. 

Fuel  Recovery  from  Town’s  Refuse 
The  recovery  of  fuel  from  town’s  refuse  in  the  form  of  cinders  and  small 
rejected  coal  was  advocated  during  the  war  by  the  National  Salvage  Council  as  a. 
feature  of  some  importance  in  the  salvage  and  utilisation  of  waste. 

Under  the  conditions  which  then  obtained  the  primary  object  in  the  screening 
and  sorting  of  refuse  was  the  recovery  and  utilisation  of  various  clas.ses  of  waste 


Fig.  78. — The  Keupp  Magnetic  Separator,  Portable  Type,  treating  Locomotive  A.sh 

FOR  THE  Hungarian  State  Railways. 

material,  some  of  which  were  of  far  greater  value  than  under  normal  conditions. 
In  a  previous  chapter  it  has  been  observed  that  from  2|  to  3  million  tons  of  cinders 
per  annum  are  collected  with  house  refuse  in  Great  Britain.  Having  in  mind  that 
the  method  of  refuse  disposal  still  practised  by  the  greater  proportion  of  local 
authorities  in  Great  Britain  is  to  tip  or  dump  the  refuse  as  collected  on  waste  laird,  it 
follows  that  the  bulk  of  the  fuel  which  might  be  recovered  and  utilised  is  now  wasted. 

While  it  is  not  possible  to  check  or  verify  the  accuracy  of  the  figures  quoted, 
there  can  be  but  little  doubt  that  they  are  approximately  correct.  This  is  to  some 
extent  confirmed  by  the  analy.ses  given  in  Table  No.  29,  and  by  similar  analyses 
which  have  been  made  from  time  to  time. 
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Among  municipalities  in  England  wliich  have  adopted  salvage  and  utilisation 
systems  are  Sheffield,  Barnsley,  Eccles,  and  the  metropolitan  boroughs  of  St 
Marylebone,  and  Westminster. 

At  present  it  is  very  doubtful  whether  it  would  pay  to  operate  such  a  system 
if  it  were  not  for  the  proportion  of  fuel  recovered.  In  other  words  the  recovered 
fuel  represents  a  greater  return  upon  the  standing  and  capital  charges  than  any 
other  class  of  material  salved. 

Eecovered  cinder  even  when  screened  and  in  a  dry  condition  is  an  excellent 
fuel,  and  while  being  similar  to  coke  breeze,  usually  has  a  higher  calorific  value — 
from  10,000  to  11,000  B.T.U.’s  per  lb. — and  contains  but  little  moisture  and 
incombustible.  After  passing  throiigh  a  breeze  washer,  and  being  freed  from 
dust,  the  fuel  is  much  improved  in  value. 

Washed  breeze  from  the  salvage  plant  of  the  metropolitan  borough  of  St 
jMarylebone  is  used  for  the  firing  of  steam  boilers  at  the  borough  electricity  generating 
station. 

At  Eccles,  from  an  average  annual  collection  of  10,687  tons  of  refuse,  no  less 
than  1061  tons  of  cinders  are  recovered.  The  cinder  has  a  calorific  value  of 
10,875  B.T.U.’s  per  lb.,  and  an  evaporation  of  6  lbs.  of  water  per  lb.  of  fuel  is 
obtained  in  connection  with  two  Lancashire  boilers  at  the  Corporation  Sewage 
Pumping  Station. 

In  comparison  with  steam  coal  costing  20s.  per  ton,  the  recovered  cinder  has 
a  fuel  value  of  15s.  per  ton  or  an  annual  value  of  over  £3000. 

Mr  G.  W.  Willis,  the  engineer  and  manager  of  the  Borough  of  Eccles  Sewage 
Disposal  Works,  to  whom  the  author  is  indebted  for  the  above  figures,  has  obtained 
some  remarkable  results  in  steam  generation  from  recovered  cinder,  and  has  very 
clearly  demonstrated  what  may  be  accomplished  in  fuel  recovery  in  a  town  of 
45,000  population. 

On  the  basis  of  the  results  obtained  at  Eccles,  and  assuming  that  2  million 
tons  of  cinders  per  annum  are  now  being  tipped  to  waste,  the  coal  equivalent  would 
be  U  million  tons  per  annum. 

The  present  tendency  among  the  larger  municipalities  is  to  very  carefully 
consider  the  comparative  advantages  of  Imrning  the  whole  of  the  refuse  as  collected 
in  refuse  destructors,  and  alternatively  the  provision  of  salvage  plant.  Hitherto 
the  principal  disadvantage  of  the  former  system  has  been  the  heavy  cost  of  labour 
involved  for  operation.  With  the  successful  development  of  mechanical  charging, 
or  feeding,  and  clinkering,  this  disadvantage  no  longer  obtains. 

The  choice  between  the  two  systems  resolves  itself  into  a  question  of  com¬ 
parative  capital  cost  and  net  operating  cost.  In  connection  with  the  refuse  de¬ 
structor  the  only  asset  worth  serious  consideration  is  the  steam  generated  from 
refuse  as  fuel.  Similarly  in  coimection  with  the  salvage  system  the  only  asset  of 
importance  is  the  recovered  fuel. 

Considered  from  the  point  of  view  of  fuel  value,  it  is  clear  from  the  results 
obtained  at  Eccles  and  elsewhere  that  the  cinder  is  of  much  greater  value  as  a  fuel 
when  separated,  than  when  burned  with  refuse. 
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THE  UTILISATION  OF  WOOD  AND  MISCELLANEOUS 
WASTE  FOR  POWER  PRODUCTION 


The  production  of  power  in  many  coalless  coimtries,  where  difficulties  in  obtaining 
supplies,  or  high  cost  of  transportation  render  the  use  of  coal  more  or  less  pro¬ 
hibitive,  has  necessitated  the  extensive  employment  of  wood,  as  also  a  great  variety 
of  residual  waste  for  fuel. 

Many  residuals  are  now  gasified  in  producers  with  success  which  could  not 
otherwise  be  utilised  as  fuel.  Among  these  being  the  following  : — 


Olive  refuse. 
Rubber  seeds. 
Dried  manure. 
Almond  shells 
Dung  cake. 
Shavings. 


Mealie  cobs. 
Monkey  nuts. 
Coffee  pods. 
Sudd. 

Crushed  cotton 
seeds. 


Granular  cork. 
Cocoanut  husks 
Fruit  stones. 

Coir  dust. 

Ground  nut  shells. 


Coffee  husks. 
Grape  cake. 
Sunflower  seeds. 
Prickly  pears. 
Tea  2)runings. 


Among  other  waste  which  is  also  being  used  for  steam  generation  is  sawdust, 
bark,  wood  chips,  jungle  timber,  rice  husks,  bagasse,  spent  tan,  etc. 

Timber  and  wood  refuse  are  largely  used  for  jjower  jiroduction  in  many 
countries,  including  West  Africa,  Nigeria,  Rhodesia,  West  and  South  Australia, 
Canada,  Denmark,  Sweden,  Finland,  and  in  a  large  number  of  lumber  mills,  in 
British  Columbia,  and  on  the  Pacific  coast. 

In  some  countries  devoid  of  coal,  or  where  the  cost  is  so  high  as  to 
prohibit  its  use,  the  consumption  of  timber  is  very  heavy,  and  as  adjacent  growth 
is  cleared  supplies  have  to  be  transported  considerable  distances  at  increasing 
cost. 

Ordinary  air  dried  wood  usually  contains  from  20  to  25  per  cent,  of  moisture. 
Its  composition  when  absolutely  dry  is  approximately  as  follows  : — 

Carbon  . 

Oxygen  . 

Hydrogen 

Ash 


=  49  j^er  cent. 
=  44  „ 

=  <J 

=  1 
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The  calorific  value  when  dry  ranges  from  7000  to  9000  B.T.U.’s  per  lb.  ap¬ 
proximately,  as  will  be  seen  from  the  following  table,  which  comprises  a  variety  of 
British  timber  : — 

Oak 
Ash 
Elm 
Beech 
Birch 
Fir 
Pine 

Poplar  . 

Willow  . 

The  head  values  of  different  varieties  of  Canadian  dry  wood,  as  compared  with 
United  States  anthracite  coal,  was  given  by  the  Forest  Products  Laboratories  of 
Montreal  as  follows,  the  calorific  value  of  the  anthracite  coal  being  assumed  as 
13,000  B.T.Lh’s  per  lb.  On  this  basis  the  ecpiivalent  value  of  one  ton  of 
anthracite  coal  would  be  given  by  : — 


1-00 

cords 

^  of  Birch. 

1-20 

5? 

,,  Tamarack. 

1-50 

5  J 

,,  Jack  pine. 

1  -55 

5  9 

,,  Poplar. 

1-60 

,,  Hemlock. 

2-10 

,,  Cedar. 

=8316  B.T.U. 
=8480 
=8510  ,, 

=8591 
=8586 
=  9063 
=  9153 
=7834  „ 

=7926  „ 


In  Great  Britain  wood  waste  is  extensively  used  for  power  production  in  saw  mills, 
wood  Avorking  factories,  and  in  other  industries  in  which  timber  is  utihsed  to  some 
extent,  such  as  shipyards,  railway  wagon  works,  and  match  factories. 

For  the  generation  of  steam  from  wood  refuse,  furnaces  of  various  types  are 
used,  comprising  ordinary  hand  fired  furnaces,  of  the  natural  draught  type,  forced 
draught  furnaces,  dutch  oven  and  semi-external  furnaces,  and  also  mechanical 
stokers. 

MTiere  the  cpiantity  of  waste  available  is  small  it  is  often  burned  in  conjimction 
with  coal.  In  other  works  having  a  larger  output  of  wood  refuse,  this  material 
provides  the  whole  of  the  power  required,  and  in  a  considerable  number  of  works 
it  has  been  found  practicable  by  utihsing  the  wood  Avaste,  either  in  a  gas 
producer  or  a  steam  boiler,  to  proAude  the  Avhole  of  the  power  required,  AAuthout 
the  use  of  coal. 


^  One  cord=128  cubic  feet  stacked. 
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The  choice  of  the  most  suitable  type  and  arrangement  of  fnrnace  for  the 
ntihsation  of  wood  waste  for  steam  generation  will  depend  upon  vaiious  factors, 
snch  as  the  character  and  quantity  of  the  waste  material  available,  the  ([iiantity 
of  steam  required,  and  the  type  of  boiler  used. 

Light  and  bulky  wood  waste,  such  as  shavings,  small  chips,  and  sawdust,  may 
be  most  efficiently  used  in  a  dutch  oven  or  external  furnace  charged  at  the  to]). 
Heavier  waste  may  be  more  conveniently  handled  in  semi-external  fuinaces,  or 
other  furnaces  specially  designed. 

The  mixing  of  wood  refuse  and  coal  in  an  ordinary  boiler  furnace,  while 
being  a  convenient  means  of  disposing  of  small  quantities  of  waste,  is  not  an 
efficient  method,  inasmuch  as  both  fuels  give  much  better  resrdts  when  burned 
independently. 

For  the  utihsation  of  large  quantities  of  miscellaneous  wood  Avaste  for  steam 
generation  a  boiler  of  the  water  tube  type  is  most  suitable,  proAuding  as  it  does 
greater  furnace  capacity,  and  better  combustion  conditions,  than  obtain  Avith 
internally  fired  boilers. 

Furnaces  of  the  dutch  oven,  destructor,  or  semi-external  type  may  be  much 
more  conveniently  arranged  in  connection  Avith  Avater  tube  boilers,  than  boilers  of 
other  types,  and  provide  the  most  suitable  conditions  for  the  continuous  charging 
of  considerable  quantities  of  waste. 

For  the  machine  firing  of  sawdust  and  chippings  from  AA'ood  w’orking  machinery, 
both  in  connection  Avith  Lancashire  and  Avater  tube  boilers  and  also  dutch  oven 
or  external  furnaces,  Henderson’s  simplex  mechanical  stoker,  Avhich  is  illustrated 
in  Fig.  79,  is  extensively  used. 

With  this  apparatus,  the  general  arrangement  of  ArLich  AAill  be  clear  upon 
reference  to  the  illustration,  saAvdust  and  chippings  may  be  collected  from  the 
vaiious  machines  by  means  of  a  pneumatic  removal  system,  and  conveyed  to  an 
overhead  hopper  arranged  to  discharge  into  the  hopper  of  the  mechanical  stoker. 
The  fuel  after  passing  through  the  hopper  is  carried  toAvards  each  furnace  by  means 
of  helical  rams,  driven  by  a  simple  arrangement  of  gear,  and  is  deposited  upon 
revolving  impellers,  by  which  it  is  distributed  over  the  grates.  The  impellers  are 
in  constant  motion,  by  which  means  a  regular  distribution  of  the  material  is  secured, 
and  the  delivery  of  the  fuel  may  be  regulated  as  desired. 

Waste,  other  than  saAvdust  and  chips,  are  fired  direct  on  to  the  grate  by  hand, 
the  grate  may  be  either  of  the  stationary  or  rocking  type. 

Details  of  evaporative  tests  vrith  hog  fuel  (lumber  mill  waste),  are  given  in  the 
folio Aving  Table  No.  35.  Having  in  mind  the  average  moisture  content,  38  per  cent., 
the  average  evaporation  of  2-84  lbs.  of  water  per  lb.  of  AA^aste  from  and  at  212°  Fahr. 
must  be  regarded  as  a  satisfactory  performance. 
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Fig.  79.— Hendekson’s  Sijiplex  Mechanical  Stoker  foe  firing  Sawdust  and  Wood  Chips, 
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TABLE  No.  35 

Evaporative  Tests  with  Hog  Fuel  and  Stirling  Water  Tube  Boilers  at 
St  Paul  and  Tacoma  Lumber  Company,  Tacoma,  Wash,  U.S.A. 


Average  calorific  value,  wet  =  5500  B.T.U.’s 
„  „  „  dry  =  8700 

Dates  of  tests — February  20th  aird  31st,  1917 


Furnace — Dutch  oven,  length  in  feet 
Grate  area,  square  feet 
Boiler  heating  surface,  square  feet 
Test  No . 


Duration,  hours  ...... 

Kind  of  fuel  ...... 

Steam  pressure  ...... 

Feed  water  temperature  deg.  F. 

Exit  gases  temperature  deg.  F. 

Forced  draught  W.G.  ..... 

Average  weight  of  fuel  per  cubic  foot  as  fired,  lbs. 
Moisture  per  cent.  ..... 

Calorific  value  per  lb.,  wet,  B.T.U.’s 
Calorific  value  per  lb.,  dry,  B.T.U.’s 
Cubic  feet  of  fuel  burned  per  hour 
Cubic  feet  of  fuel  burned  per  square  foot  of 
grate  per  hour  ..... 

Total  evaporation  from  and  at  212°  F.,  lbs.  . 
Evaporation  from  and  at  212°  F.  per  cubic  foot 
of  fuel  as  fired,  lbs.  .... 

Evaporation  per  lb.  of  fuel,  from  and  at  212°  F. 
Evaporation  per  unit,  200  cubic  feet  of  fuel,  lbs. 
Boiler  horse -power  ..... 


,  , 

6-5 

6-5 

.55-25 

62-82 

2617 

2878 

1 

2 

.3 

Average 
of  1,  2 
and  3 

4 

8-0 

4-0 

2-5 

14-5 

2-5 

Shaving.s 

Hog 

Shavmgs 

.  . 

Shavmgs 

and  Hog. 

only. 

only. 

and  Hog 

131 

131 

128 

130 

100 

153 

145 

143 

147 

142 

413 

427 

430 

42.3 

.531 

0-2" 

0-2" 

0-2" 

.:0-2" 

0-2" 

15-32 

18-37 

14-64 

16-11 

12-75 

.38-5 

41-5] 

.34-01 

38-01 

38-5' 

5506 

5253 

.5593 

5451 

5506 

8953 

8979 

8474 

8802 

8953 

375 

264 

343 

339 

287 

3176 

2-2.36 

2-905 

2-871 

2-4.31 

127,469 

58,737 

34,602 

220,108 

.31,311 

42-5 

55-7 

40-4 

45-7 

43-6 

2-77 

3-03 

2-76 

2-84 

.3-42 

8500 

11,400 

8080 

9000 

8720 

462 

425 

401 

430 

363 

Apart  from  its  use  for  the  firing  of  steam  boilers,  wood  refuse  is  not  utiUsed 
to  any  extent  for  the  firing  of  furnaces  for  industrial  purposes,  although  at  present 
in  some  countries  where  wood  waste  is  largely  used  there  is  a  tendency  to  utihse 
the  same  for  the  firing  of  furnaces  of  various  kinds. 

In  Fig.  80  is  shown  a  wood  refuse  furnace  which  is  used  in  Vancouver,  British 
Columbia,  for  the  firing  of  a  plate-heating  furnace  in  a  large  boiler  works.  This 
furnace  is  entirely  filled  with  wood  waste,  the  gases  passing  downwards  through 
the  passages  in  the  side  walls  commingle  with  secondary  air  admitted  by  piston 
type  dampers  on  each  side,  the  whole  of  the  gases  passing  over  the  bridge  wall  at 
the  rear. 

A  constant  flow  of  incandescent  gases  is  ensured  through  the  heating  furnace, 
and  no  difficulty  is  exp)erienced  in  the  heating  of  boiler  plates  up  to  IJ  in.  thick. 

Various  attempts  have  been  made  to  utihse  sawdust  both  alone  and  also  with 
slack  coal,  by  briquetting,  and  for  this  purpose  specially  designed  briquetting 
plants  were  installed  in  British  Columbia  and  on  the  Pacific  Coast.  The  process 
would  not  appear  to  have  proved  commercially  satisfactory,  and  so  far  as  the 
author  is  aware  is  no  longer  used. 

M 
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In  the  Fuel  Economy  Review}  of  February  1922,  an  exceedingly  interesting 
description  was  published  of  a  wood  refuse  gas  plant  at  the  timber  mills  of  Messrs 
J.  Sadd  &  Sons,  Maldon,  Essex.  This  plant,  as  originally  installed  in  June  1910, 
comprised  two  sets  of  100  H.P.  Crossley  waste  wood  refuse  gas  plant,  and  two 


Pig.  80. — Wood  Refuse  FuRK.iCB  for  Boiler  Plate  Heatirg  (Vancouver,  B.C.). 


100  H.P.  Crossley  horizontal  single  cyhnder  gas  engines,  direct  coupled  to  Crompton 
dynamos,  generating  current  at  200  volts. 

During  recent  years  much  additional  plant  has  been  installed,  comprising  in 
gas  producers  a  100  H.P.  Salmon  &  Whitfield  set,  a  300  H.P.  Crossley  set,  and  a 
250  H.P.  Euston  &  Hornsby  set.  In  addition,  one  250  H.P.  Dowson  &  Mason 
plant,  and  one  150  H.P.  national  producer  were  installed  as  stand-by  plant.  The 
additional  gas  engines  installed  comprised  one  120  H.P.  Kynoch  horizontal  single 
cyhnder  engine  direct  coupled  to  a  Crompton  dynamo,  one  250  H.P.  Crossley  four- 
cyhnder  vertical  engine  direct  coupled  to  an  E.C.C.  dynamo,  and  a  500  H.P. 

^  Ftiel  Economy  Review,  February  1922. 
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Premier  four-cylinder  horizontal  engine,  rope  driving  an  English  Electric  Company’s 
dynamo. 

For  the  utilisation  of  the  exhaust  in  connection  with  the  latter  engine,  a  Huston 
&  Hornsby  waste  heat  boiler  was  installed  which  supplies  steam  to  heat  a  tiinljer- 
drying  kiln. 

The  plant  referred  to  not  only  supplies  some  fifty  motors  in  the  mills  aggregating 
068  H.P.,  but  current  is  also  supphed  both  for  lighting  and  power  purposes  to  the 
town  of  Maldon  and  the  adjoining  village  of  Heybridge.  During  the  year  ending 
April  30th,  1921,  the  miximum  load  recorded  at  the  generating  station  was  475  kw., 
and  the  quantity  of  electricity  sold  amounted  to  998,364  kw.  hours.  The  fuel 
consumed  in  the  producers  was  2876  tons,  comprising  1015  tons  of  scrap  wood, 
740  tons  of  sawdust,  545  tons  of  chiselhngs,  and  576  tons  of  bark. 

One  of  the  most  striking  examples  of  the  displacement  of  a  steam  plant  using- 
wood  fuel  by  a  gas  producer  plant  using  precisely  similar  fuel,  is  at  the  Lonely  Mine, 
Southern  Rhodesia,  forty-three  miles  from  Buluwayo. 

At  this  mine,  owing  to  its  location — some  forty-three  miles  from  the  nearest 
railway  connection — the  use  of  coal  for  steam  generation  could  not  be  considered 
owing  to  the  heavy  cost  of  haidage,  and  it  was  decided  to  use  wood  from  the 
local  bush. 

So  heavy  was  the  consumption  of  wood  during  the  eleven  years’  use  of  the 
steam  plant  that  the  bush  had  been  cleared  for  a  radius  of  about  eleven  miles,  and 
had  the  consumption  continued  at  the  same  rate  for  a  further  three  years  the 
economic  limit  in  cost  woidd  have  been  reached.  The  cost  of  wood  had  in  fact 
become  one  of  the  most  serious  factors  in  the  cost  of  mining. 

The  consumption  of  wood  for  steam  generation  was  at  the  rate  of  3000  cords 
per  month,  a  cord  averaging  3300  lbs.  in  weight.  As  the  result  of  installing  the 
Crossley  gas  producer  plant,  the  consumption  of  wood  was  reduced  to  about  600 
cords  per  month,  or  approximately  one-fifth  of  the  previous  fuel  consumption. 

The  complete  Crossley  producer  plant  is  illustrated  in  Fig.  81,  which  is  a  plan 
and  cross  section  of  the  power  house,  and  comprises  four  Crossley  wood  fuel  suction 
gas  plants,  each  of  350  H.P.  capacity,  but  capable  of  gi-ving  an  overload  i;p  to  450  H.P. 

The  four  gas  engine  sets  were  supphed  by  the  Premier  Gas  Engine  Company,  Ltd., 
all  being  of  the  horizontal  multi-cylinder  t}q)e,  the  cylinders  being  of  171  in.  bore, 
■with  a  stroke  of  26  in.  Three  of  the  engines  drive  three-phase  alternators,  each  of 
250  K.V.A.  capacity  at  ‘8  p.f.,  with  525  volts  at  187-5  revolutions  per  minute.  The 
alternators  were  supplied  by  the  South  African  General  Electric  Company,  Ltd. 

The  gas  engines  are  designed  for  300  B.H.P.^  normal  load,  and  will  carry  a 
25  per  cent,  overload.  The  fourth  engine  develops  225  B.H.P.^  at  190  revolutions 
per  minute,  and  is  connected  through  a  flexible  coupling  to  an  Ingersoll  Rand  air 
compressor,  having  a  capacity  of  1500  cubic  feet  per  minute. 

The  gas  generators  are  charged  from  a  large  overhead  platform,  from  which 
the  wood  fuel  is  fed  into  the  hoppers.  The  wood  used  is  about  10  in.  diameter, 
and  is  cut  into  pieces  about  2  ft.  in  leng-th.  The  feeding  hopper,  mounted  at  the 

^  At  altitude  of  4200  feet,  and  at  reduced  speeds  to  suit  alternators. 
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Fig.  81.  Plan  and  Cross  Section  of  Power  House,  Lonely  Mine,  Southern  Rhodesia.  Crossley  Wood-fired  Producer  Plant. 


WOOD  AND  WASTE  FOR  POWER  PRODUCTION 


181 


top  of  each,  generator,  is  of  the  air  lock  type.  The  hot  gases  as  they  leave  the 
generator  first  pass  into  a  wet  scrubber,  where  they  are  washed  and  cooled,  ^^'ithin 
this  wet  scrubber  much  of  the  tar  coining  over  with  the  gas  is  condensed  and 
carried  away  by  the  coohng  water  into  setthng  tanks,  where  it  collects  and  is  after¬ 
wards  removed.  The  effluent  water  ultimately  flows  away  in  a  comparatively 
clean  state. 

The  question  of  operating  the  alternator  sets  in  parallel  with  each  other  received 
very  careful  consideration  by  the  manufacturers.  The  gas  engines,  being  of  the 
four-crank  type,  were  easily  capable  of  fulfilhng  the  required  conditions,  being 
designed  to  give  a  degree  of  cyclic  irregularity  not  exceeding  1/600.  To  ensure  this 
degree  of  steadiness  under  all  conditions  of  operation,  a  uniform  quahty  of  gas  must 
be  supphed  to  the  engines.  For  this  reason  a  special  arrangement  of  equahser 
pipes  was  introduced  between  the  dry  scrubbers  of  the  gas-producing  plant,  providing 
for  the  scrubbers  being  first  coupled  together  in  pairs  by  means  of  overhead  pipes, 
which  pipes  in  turn  are  coupled  together  and  lead  into  one  common  main  dehvery 
pipe.  This  arrangement  is  interesting  as  showing  the  means  adopted  for  thorough 
mixing  of  the  gases  after  they  leave  the  dry  scrubber.  A  fuidher  point  is  that  the 
suction  from  each  of  the  gas  engines  when  in  operation  is  more  evenly  distributed, 
with  the  result  that  each  gas  generator  responds  to  its  fair  share  of  the  load  and 
generates  gas  in  proportion. 

The  installation  was  tested  by  Professor  Buchanan,  B.Sc.,  of  Johannesburg. 
The  following  particulars  and  data  have  been  extracted  from  his  report,  dated 
February  21st,  1922  ; — 

The  main  object  of  the  tests  was  to  determine  the  quantity  of  dry  wood  fuel 
consumed  within  the  plants  in  generating  one  Board  of  Trade  unit  of  electricity. 
A  24  hours’  continuous  test  was  made  first  working  under  normal  conditions,  but 
only  using  two  producers,  these  being  sufficient  to  serve  the  three  200  kw.  gas 
engine  alternator  sets.  The  fourth  engine,  which  is  used  for  driving  the  air  com¬ 
pressor,  was  not  tested,  one  of  the  gas  producers  being  coupled  up  to  serve  this 
engine  exclusively  during  the  test.  The  fourth  producer  was  shut  down  entirely 
throughout  the  tests. 

Care  was  taken  to  note  that  the  amount  of  fuel  within  the  producers  was  the 
same  at  the  beginning  and  finish  of  the  test.  The  wood  fuel  used  was  a  normal 
mixture  of  mapani,  knobby  thorn,  marula,  and  other  soft  woods. 


Details  of  Tests 


Date  of  test  ....... 

Duration  of  test  ...... 

Total  units  generated,  measured  at  the  switchboard 
Average  load  from  three  sets  .... 

Load  factor  (say  160  kilowatts  per  set) 
Corresponding  power  developed  by  each  engine 
(89  "6  per  cent,  alternator  efficiency) 


February  2nd  and  3rd,  1922 
24  hours,  13  minutes. 

11,530  units. 

477  kw. 

80  per  cent. 

239  B.H.P. 


182  UTILISATION  OF  LOW  GRADE  AND  WASTE  FUELS 


Total  wood  fuel  used  during  test  .  .  .  41,208  lbs. 

Fuel  used  per  Four  .  .  .  .  .  .  1,703  lbs. 

Fuel  consumption  rate  at  80  per  cent,  load  .  .  per  B.P.P.  per  kw. 

2-39  lbs.  3-575  lbs. 

Average  moisture  content  in  fuel  .  .  .  13-5  per  cent. 

Equivalent  dry  fuel  consumption  at  80  per  cent,  per  B.H.P.  per  kw. 

load  2-07  lbs.  3-09  lbs. 

The  makers’  guarantees  given  with  dry  wood  fuel  were  as  follows  ; — 

Lbs.  per 
B.P.P.  Hour. 

At  full  load  .......  2-0 

At  three-cjuarter  load  .  .  .  .  .  .2-23 

At  half  load  .......  2-76 

At  quaider  load  .  .  .  .  .  .  .3-9 


A  curve  made  from  the  makers’  gwarantees  shows  that  at  80  per  cent,  load  the 


Fig.  82. — Makers’  Guaeaktee  Curve  for  Wood  Consumption, 

Crossley  Producers,  Lonely  Mine,  Southern  Rhodesia. 

corresponding  fuel  consumption  would  be  2-15  lbs.  of  dry  fuel  (see  Fig.  82).  As 
may  be  seen  therefore  the  actual  test  result  is  4  per  cent,  below  the  guarantee. 

Assuming  an  average  weight  of  3300  lbs.  of  wood  per  cord  at  an  average  price 
of  15s.  per  cord,  and  taking  the  fuel  consumption  to  be  say  3-6  lbs.  per  kw.  generated, 
the  cost  Avorks  out  at  less  than  0-20  pence  per  unit  for  fuel. 

The  Euston  refuse  gas  producer,  which  has  been  extensively  adopted  for 
the  utihsation  of  Avood  waste  and  a  considerable  range  of  waste  or  refuse  fuels, 
is  illustrated  in  Fig.  83,  and  may  be  briefly  described  as  follows  ; — 

The  fuel  chamber  proAuded  is  of  large  capacity,  Avith  a  view  to  avoiding  the 
necessity  for  frequent  charging.  For  wood  fuel  no  hopper  A\dth  a  valve  or  shde  is 
proAuded,  the  fuel  being  fed  direct  into  the  fuel  chamber. 
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The  generator  is  of  heavy  steel  plates,  lined  with  firebrick  and  packing.  Doors 
are  provided  in  the  casing  for  cleaning  the  fire.  The  grate  is  made  up  of  loose  fire¬ 
bars,  which  can  be  removed  and  replaced  through  the  fire  doors.  Poking  holes  are 
provided  so  that  any  part  of  the  furnace  can  be  reached. 

Instead  of  leaving  the  generator  by  the  usual  single  outlet,  the  gases  are  taken 
off  at  two  or  more  points  on  top  of  the  generator  by  means  of  vertical  pipes  which 
lead  into  main  pipes,  which  are  inclined  to  the  dust  collector.  These  outlets  are  so 


arranged  that  an  even  draught  through  the  fuel  bed  at  all  loads  and  at  all  points 
is  ensured. 

The  outlet  pipes  from  the  generator  are  fitted  with  scrapers  by  which  tar  and 
dust  deposits  can  be  removed  at  any  time  without  interfering  with  the  production 
and  supply  of  gas.  From  the  top  of  the  dust  collector  the  gas  passes  to  a  two- 
stage  rotary  tar  extractor,  where  the  tar  is  removed  before  the  gas  passes  into  the 
sawdust  scrubber. 

For  cleaning  and  cooling  about  6  to  8  gallons  of  water  per  B.H.P.  per  hour 
are  required.  Most  of  this  water  may  be  used  in  cycle,  if  a  filter  sump  and 
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circulating  pump  are  provided,  but  there  should  always  be  available  at  least 
one  gallon  per  B.H.P.  per  hour  of  fresh,  clean,  cool  water. 

l\dien  using  wood  refuse,  peat,  etc.,  a  vapouriser  is  not  necessary.  For  the 
use  of  anthracite  or  coke  it  is  of  course  necessary  to  fit  a  vapouriser  to  the  generator, 
as  also  a  double  valve  hopper  to  the  fuel  chamber  inlet. 

Two  important  features  of  the  Ruston  refuse  gas  producer  are  the  dust  collector 
and  gas  washer,  and  the  sawdust  scrubber  and  expansion  chamber.  These  are 


shown  in  the  accompanying  illustration.  Fig.  83.  It  will  be  observed  that  the 
main  outlet  pipes  from  the  producer  lead  to  the  gas  washer  and  dust  collector.  Here 
the  gas  first  passes  down  side  tubes  and  then  up  a  central  chamber,  where  it  is 
cleaned  and  cooled  by  a  water  spray.  The  dust  and  a  large  proportion  of  the 
tar  in  the  gas  are  deposited  in  a  water  seal  at  the  base,  and  may  be  removed  while 
the  plant  is  in  operation. 

The  sawdust  scrubber  forms  an  expansion  chamber,  and  is  fitted  with  trays 
containing  sawdust,  acting  as  a  filter.  Here  the  gas  is  finally  cleaned. 

The  Campbell  suction  plant  for  refuse  fuels  is  illustrated  in  Fig.  84.  This 
producer  is  largely  used  for  the  gasification  of  wood  refuse  of  every  kind,  com- 
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prising  sawdust,  shavings,  chips,  bark,  etc.,  also  for  a  great  variety  of  vegetable 
refuse,  such  as  rice  husks,  olive  refuse,  cork  refuse,  sunflower,  and  cotton  seed 
husks,  cotton  stalks,  prunings  from  tea  gardens,  luit  shells,  s])ent  tan,  wattle  bark, 
bagasse,  and  flax  refuse. 

The  general  working  principle  is  the  same  as  in  the  older  types  of  suction 
producers.  The  gas  engine  sucks  air  through  a  mass  of  incandescent  fuel,  con¬ 
verting  it  into  carbon  monoxide  (CO).  This  gas  with  the  hydrogen  and  other 
fixed  gases  in  the  final  product  are  all  combustible  and  suitable  for  use  in  gas 
engines. 

The  richness  of  the  gas  is  dependent  upon  the  carbon  content  of  the  fuel,  and 
as  all  refuse  fuels  are  so  much  lower  in  calorific  value  than  anthracite  or  coke,  the 
producer  must,  therefore,  be  larger  for  a  given  horse  power. 

In  general  design,  as  usually  arranged,  the  Campbell  plant  comprises  a 
cylindrical  riveted  steel  plate  producer  lined  with  firebrick,  a  dust  separator,  through 
which  the  gas  passes  to  the  scrubber,  provided  with  lutes  in  the  sump  to  enable 
the  separator  to  be  cleared  without  interfering  with  the  operation  of  the  jjlant. 
A  wet  scrubber  of  large  capacity  to  ensure  low  velocity  of  the  gas  during  cooling 
and  scrubbing,  a  centrifugal  washer,  and  a  dry  scrubber  which  also  forms  the  gas 
box  or  reservoir.  For  starting  up,  a  geared  hand-driven  fan  is  provided. 

As  showing  the  wide  range  of  waste  and  low  grade  fuels  which  can  be  efficiently 


gasified,  the  following  are  typical  analyses 

of  various  fuels 

which 

are  at  present 

being  utilised  in  producers  : — 

Fixed 

carbon. 

Volatile 

matter. 

Ash. 

Moisture. 

Olive  refuse  .  . 

19-15 

53-82 

8-45 

18-58 

Grape  refuse  .... 

22-50 

55-80 

11-20 

10-50 

Monkey  nut  shells  .... 

29-30 

60-10 

0-50 

10-10 

Rice  husks  ..... 

15-90 

54-90 

14-90 

10-20 

Granular  cork 

20-25 

70-95 

1-0 

7-8 

Cotton  pod  husks  .... 

28-66 

53-80 

0-34 

17-20 

Spent  tan  ..... 

10-20 

29-70 

4-30 

55-80 

Peat  ...... 

24-75 

55-17 

1-10 

18-98 

Lignite  (Taupiri,  N.Z.)  . 

43-91 

38-50 

2-48 

14-84 

„  (Ledger,  W. A.)  . 

46-59 

31-20 

4-06 

17-88 

Elm  sawdust  .... 

6-22 

35-54 

1-14 

57-10 

Beech  sawdust  .... 

7-70 

51-90 

0-70 

39-70 

Beech  chippings  .... 

8-88 

69-55 

0-42 

21-15 

Locomotive  smoke  box  refuse,  or  char 

58-93 

3-11 

24-77 

12-58 

In  Figs.  85  and  86  respectively  are  shown  Ruston  producers  gasifying  tea 
prunings  on  a  Cingalese  tea  plantation,  and  coffee  husks  at  a  cotton  girming 
factory. 

Rice  or  Paddy  Husks. — This  material  is  extensively  used  for  fuel  pmposes  in 
rice-growing  countries  in  the  Far  East,  both  for  steam  generation  and  also  in 
suction  gas  producers. 
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Fig.  85.  The  Ruston  Refuse  Gas  Peoducer  on  a  Cingalese  Tea  Plantation. 


Ruston  Refuse  Gas  Peoducer  at  a  Cotton  Ginning  P’actory. 
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Two  analyses  of  rice 

husks  gave  the  following  results  : 

India. 

Bangkok,  Siam. 

Fixed  carbon  . 

15-90  per  cent. 

14-11  per  cent. 

Volatile  matter 

.  54-90 

57-24 

Moisture 

.  10-20 

10-00 

Sulphur  . 

•  .  .  . 

0-05 

Ash 

.  14-90 

18-60 

In  some  Far  Eastern  countries  paddy  husks,  despite  their  bulk  and  the  high 
percentage  of  incombustible  content,  are  regarded  as  a  very  useful  fuel,  and  in 
Siam  particularly  is  very  very  largely  used  for  firing  steam  boilers  both  of  the 
Lancashire  and  water  tube  types.  A  very  well  designed  furnace  for  the  firing 
of  paddy  husks  in  coimection  with  a  water  tube  boiler  is  illustrated  in  Fig.  87. 


Fig.  87. — Furnace  foe  firing  Paddy  Husks  in  connection 
WITH  A  Water  Tube  Boiler. 

The  following  results  were  obtained  with  a  Campbell  refuse  gas  plant  and  single 
cylinder  horizontal  gas  engine  of  50  B.H.P.  at  Bangkok,  using  rice  husks,  the 
analysis  of  which  is  given  above. 


C'alorilic  value. 

138  B.T.U. 

Consumption=4I  lbs.  per  B.H.P.  hour. 

A  Crossley  gas  plant  erected  at  Amposta,  Spain,  and  utilising  rice  husks, 
showed  a  consumption  of  rather  less  than  4-4  lbs.  per  B.H.P.  hour  at  about  two- 
thirds  load,  the  power  requirements  being  approximately  100  H.P.,  whereas  the 
plant  had  a  capacity  of  152  H.P. 


'Temperatures 

Atmosphere =90°  Fahr.,  gas  at  engine=96°  Fahr. 


Average  Average 

load  vacuum  at  engine 

B.H.P.  gas  cock. 


42 


3  in. 


t'O., 

3-0 


0 

0-4 


Gas  analysis. 
H  GO 

0-4  32-2 


CH, 

•06 


N 

57-4 
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In  Fig.  88  is  shown  a  Ruston  producer  at  an  Indian  ice  factory,  wMch  gasifies 
either  rice  husks  or  hgnite. 

Cotton  Seed  Cake. — Cotton  seed  and  cake  has  been  gasified  with  complete  success 
in  East  and  Central  Africa  and  also  in  Egypt  for  some  years  past.  Mainly  in  East 
and  Central  Africa  the  British  Cotton- Growing  Association,  Ltd.,  have  been  gasifying 
this  material  for  many  years  in  some  sixteen  plants,  aggregating  about  1300  H.P. 

Spent  Tan. — Spent  tan,  which  consists  of  the  fibrous  portion  of  the  bark  after 
use,  is  approximately  30  per  cent,  by  weight  of  the  original  oak  bark.  When  used 


Fig.  88. — The  Khston  Kefuse  Gas  Peoducer  at  an 
Indian  Ice  Factory. 

as  a  fuel  it  is  freqixently  air  dried  or  pressed.  Before  drying  the  moisture  content 
varies  from  56  to  65  per  cent.,  and  the  calorific  value  from  2600  to  3000  B.T.U.’s 
per  lb.  A  typical  sample  analysed  gave  the  following  result 

Fixed  carbon . =10-20  per  cent. 

Volatile  matter  .  .  .  .  =29-70 

Ash . ==  4-30 

Moisture . =55-80 

When  used  for  steam  generation  in  a  boiler  furnace  the  use  of  artificial  draught 
is  essential,  and  the  tan  must  also  be  mixed  with  small  coal  or  coke  breeze.  In 
some  large  tanneries  external  furnaces  of  the  destructor  type  are  used  in  conjunction 
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with  steam  boilers.  Under  such  conditions  this  high  moisture  fuel  is  most  advan¬ 
tageously  burned,  and  the  proportion  of  slack  or  coke^  breeze  retpiired  is  reduced 
to  the  minimum. 

While  considerable  quantities  of  spent  tan  are  used  for  steam  generation,  it 
is  also  extensively  used  in  gas  producers. 

Bagasse  or  Megasse. — This  material,  which  is  residual  sugar  cane,  after  extrac¬ 
tion  of  the  juice,  is  very  largely  used  for  steam  generation  on  sugar  plantations.’ 
The  calorific  value  of  bagasse  mainly  depends  upon  the  proportion  of  fibrous  matter 
in  the  cane.  This  varies  in  different  sugar- growing  countries,  but  generally  speaking 
is  determined  by  the  age  of  the  cane. 


Fig.  89. — Hawaiian  Cane  Sugar  Mill. 

In  Cuba,  Hawaii,  and  the  West  Indies,  the  cane  is  usually  left  standing  for 
from  one  to  two  years,  growing  to  a  height  of  from  6  to  9  ft.,  and  the  fibrous 
content  varies  from  33  to  50  per  cent.  In  Louisiana,  U.S.A.,  the  growth  is  limited 
to  about  six  months  owing  to  the  climatic  conditions.  Tropical  cane  has  the 
greater  calorific  value,  which  is  usually  about  8000  B.T.U.’s  per  lb. 

The  crushed  cane  or  bagasse  when  leaving  the  last  set  of  rolls  in  the  mill 
contains  from  45  to  50  per  cent,  of  moisture.  It  is  then  conveyed  to  the  boiler 
house,  and  fed  as  required  into  external  or  dutch  oven  furnaces,  arranged  in  conjunc¬ 
tion  with  steam  boilers.  The  grates  used  are  of  small  area,  the  rate  of  combustion 
ranging  from  100  lbs.  to  300  lbs.  per  square  foot  of  grate  per  hour.  The  whole 
of  the  steam  required  for  the  operation  of  the  cane  mill  is  usually  provided  from 
the  bagasse.  To  a  large  extent  the  steam  is  used  for  cooking  purposes,  and  out 
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of  the  total  steam  generated  about  15  per  cent,  only  is  used  for  power,  and  85  per 
cent,  for  evaporation  and  cooking. 

As  a  high  moisture  fuel  the  maintenance  of  a  high  furnace  temperature  is 
essential,  and  the  most  suitable  furnace  is  that  of  the  external  type,  of  suitable 
proportions,  lined  with  firebrick.  While  good  results  are  obtained  when  using  air 
at  atmospheric  temperature,  the  most  efficient  results  are  obtained  when  using 
pre-heated  air  for  combustion,  or  alternatively  by  reducing  the  moisture  content 
by  pre-drying.  For  this  purpose  “  secheries  ”  or  belt  dryers  using  waste  heat  are 
now  employed. 

A  large  Hawaiian  cane  sugar  mill  is  shown  in  Fig.  89,  with  cane  fields  in  the 
foreground. 

Blast  Furnace  Gas. — Both  by  reason  of  its  low  calorific  value,  which  usually 
ranges  from  95  to  105  B.T.U.’s  per  cubit  foot,  and  also  because  of  the  high  pro¬ 
portion  of  dust  carried  in  suspension,  blast  furnace  gas  must  be  regarded  as  a  low 
grade  fuel. 

For  use  in  internal  combustion  engines  the  gas  must  be  cooled  to  about  68°  F. 
and  thoroughly  cleaned.  It  is  necessary  to  reduce  the  dust  content  to  0-1  gramme 
per  cubic  foot. 

For  the  firing  of  steam  boilers  the  gas  may  be,  and  is,  used  in  its  crude 
condition,  but  the  serious  fluctuation  in  pressure,  as  also  the  large  quantity  of  dust, 
both  present  difficulties  in  its  efficient  utilisation,  and  the  thermal  efficiency  obtained 
is  as  a  general  rule  very  low. 

The  following  is  a  typical  analysis  of  blast  furnace  gas  : — 


CO 

.  =27-5  per  cent. 

H, 

o 

CO 

II 

CO, 

.  =10-0  „ 

.  =59-5  „ 

B.T.U.’s  per  lb.=1274 

Specific 
weight  at 

32°  Fahr. 

lbs.  per 
cubic  foot. 

Specific 
volume  at 

Hg  cubic  feet 
and  29-92" 
per  lb. 

Theoretical  air  for  combustion,  , 

cubic  feet  lbs.  '  '  j,  ’  ^ 

per  cubic  per  li 

foot.  lb. 

B.T.U.’s 

per 

cubic  foot. 

08049 

12-4329 

•729  -729  1274 
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In  a  paper  read  before  The  Iron  and  Steel  Institute  on  May  5,  1921,  entitled 
“  Notes  on  the  Cleaning  of  Bla.st  Furnace  Gas,”  Mr  S.  H.  Fowles  expressed  the 
following  opinion  ; — 

“  It  is  possible  to-day,  if  the  gas  were  well  cleaned  and  efficiently  used,  to 
produce  something  in  the  neighbomhood  of  from  three  to  four  million  horse  power 
from  the  blast  furnace  gases  in  this  country,  in  addition  to  reducing  large  coal  bills, 
speeding  up  works,  and  undertaking  much  of  the  work  now  done  by  coal  fired 
boilers.” 

On  the  Continent  and  in  the  United  States  there  has  been  a  tendency  towards 
centralisation,  and  combination  of  blast  furnaces,  by-product  recovery  ovens,  and 
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steel  plant,  with  a  view  to  the  fullest  possible  utilisation  of  all  the  waste  heat,  and 
it  has  been  shown  that  such  centralisation  effects  a  very  considerable  economy  in 
fuel  consumption. 

In  1911  it  was  estimated  that  the  aggregate  power  production  by  large  gas 
engines,  using  blast  furnace  gas,  was  1,039,509  distributed  as  follows  ; — 


Germany 
United  States  . 
France 
Belgium  . 
Austria  Hungary 
Great  Britain  . 
Other  countries 


10 -5  per  cent. 


3-2 -5 
5-1 
4-0 
2-4 
2-4 
0-2 


In  Germany  it  is  the  common  practice  to  use  cleaned  gas  for  the  firing  of 
stoves  and  boilers,  the  dust  being  reduced  to  about  0-1  gramme  per  cubic  metre.  For 
use  in  internal  combustion  engines  the  gas  is  usually  cleaned  and  cooled  in  Thyssen 
washers,  the  dust  content  being  reduced  to  from  0-001  to  0-003  gramme  per  cubic 
metre. 

Experience  in  Germany  with  large  installations,  comprising  in  some  works 
many  engines  from  1500  H.P.  to  5000  H.P.  each,  has  shown  that  clean  blast 
furnace  gas  is  an  excellent  fuel,  and  the  engines  are  cjuite  reliable.  In  some  works 
waste  heat  boilers  have  been  installed  to  utilise  the  sensible  heat  of  the 
exhaust  gas. 

Practice  in  the  utilisation  of  blast  furnace  gas  in  Germany  is  based  upon  the 
conclusion  that  the  more  the  gas  engine  can  be  utilised  for  ])ower  and  air  blast 
production,  the  less  will  be  the  call  upon  gas  or  coal  fired  boilers,  and  accordingly 
the  greater  will  be  the  economy  in  fuel  con.sum])tion  from  ore  to  finished  steel  per 
ton  of  product. 

Having  in  mind  the  very  high  cost  of  reconstruction  and  centralisation  in 
connection  with  existing  works,  as  also  the  cost  of  plant  for  cleaning  the  gas,  the 
present  indications  are  that  the  use  of  blast  furnace  gas  for  bring  steam  boilers  is 
the  most  likely  line  of  development,  and  that  the  extended  use  of  cleaned  gas  in 
the  more  efficient  manner,  in  large  gas  engines,  is  not  likely  to  develop,  excepting 
under  favourable  industrial  conditions,  and  but  very  slowly. 

At  the  present  time  blast  furnace  gas  is  extensively  used  in  Great  Britain  for 
steam  generation,  the  boilers  used  being  of  the  water  tube,  Lancashire,  and  bre 
tube  types. 

As  already  observed,  the  thermal  efficiency  usually  obtained  is  low.  This  is 
due  not  only  to  the  heavy  deposit  of  dust  on  the  boiler  heating  surface,  but  also 
to  the  difficulty  in  regulating  the  air  supply  in  proportion  to  the  gas. 

It  is  very  difficult,  if  not  impossible  with  hand  regulation,  to  ensure  at  all  times 
a  proper  mixture  of  gas  and  air  owing  to  the  continuous  fluctuations  of  the  gas 
pressure  and  supply.  Intimate  mixture  either  before  or  at  the  point  of  combustion 
is  essential  in  order  to  obtain  the  most  efficient  results. 
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The  use  of  a  combustion  chamber  lined  with  refractory  material  is  necessary, 
and  the  use  of  pre-heated  air  is  very  desirable,  having  in  mind  the  small  amormt  of 
combustible  content  per  cubic  foot  of  gas,  and  the  large  volume  of  gas  which  has 
to  be  dealt  with. 

In  the  automatic  regulation  of  the  air  supply  the  Weyman  system,  as  installed 
at  the  works  of  the  Cargo  Fleet  Iron  Co.,  Ltd.,  appears  to  overcome  the  difl&culties 
already  referred  to.  This  system,  which  is  a  simple  one,  may  be  briefly  described 

as  follows  :  The  apparatus  comprises  a 
patent  governor,  which  is  actuated  by  the 
pressure]  in  the  gas  main.  The  governor 
operates  the  air  ports  to  the  combustion 
chamber,  thus  automatically  controUing 
the  flow  of  air  in  proportion  to  the  gas 
pressure,  and  accordingly  the  volume  of 
gas  passing.  The  governor  consists  of  a 
tank  for  the  seahng  water,  in  which  a  bell 
is  suspended  by  wire  ropes  over  pulleys 
and  balanced  by  counter- weights.  A 
special  feature  is  the  provision  in  the  bell 
of  a  central  tube  in  which  a  vacuum  is 
formed  on  the  bell  rising,  causing  the 
tube  to  take  up  a  column  of  water  equal 
in  weight  to  the  pressure  on  the  cross  area 
of  the  bell.  This  acts  as  a  dashpot  and 
ensures  a  very  steady  movement  of  the 
bell  in  either  the  upward  or  downward 
direction.  A  rack  is  fixed  to  the  spindle 
on  top  of  the  bell  which  is  engaged  by  a 
toothed  quadrant.  The  opposite  end  of 
this  cpiadrant  is  connected  by  a  horizontal 
lever  to  the  vertical  levers  which  operate 
the  covers  arranged  over  the  air  ports  in 
the  burner.  These  covers  are  mounted 
on  ball  bearings. 

The  rise  or  fall  of  the  governor  bell 
imparts  a  movement  to  the  quadrant, 
which  movement  is  transmitted  through  the  horizontal  lever  to  the  cover  of  the  air 
ports,  causing  them  to  open  or  close  to  a  pre-determined  degree  as  the  pressure  of 
gas  rises  or  falls.  The  governor,  which  is  illustrated  in  Fig.  90,  is  so  sensitive  as  to 
control  with  a  gas  pressure  of  only  A  in.  W.Gr. 

The  burner,  which  is  of  the  Bunsen  type  and  specially  designed  for  the  use  of 
blast  furnace  gas,  is  shown  in  the  sectional  illustration.  Fig.  91.  The  front  end  has 
separate  air  ports  to  the  body  and  the  central  tube.  The  ball-bearing  cover  already 
referred  to  has  similar  ports,  and  on  to  this  disc  or  cover  is  fixed  a  secondary  disc. 


Fig.  90. — Weyman’s  Patent  Automatic 

OOVERNOR  FOE  CONTROLLING  AlR  SUTPLY 

TO  Blast  Furnace  Gas  Burners. 
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Fig.  91. — Weyman’s  Blast  Furnace  Gas  Burner. 


Fig.  92. — Weyman’s  Patent  Combustion  Ch.oiber  with  Bla.st  Furnace  Gas  Burner, 
Autom.atic  Air  Regulation,  and  Air  Pre-he.ating  Application  to  a  Lancashire  Boiler. 


Fig.  93. — The  Cumberland  Burner. 


Secondary  Air  Ports  Primary  Air  Ports 
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the  ports  of  which  can  he  adjiisted  in  relation  to  the  main  disc  so  as  to  permit  of  the 
air  supply  to  the  central  tube  being  varied  in  proportion  to  that  passmg  through 
the  ports  to  the  body  of  the  burner.  By  adjusting  the  air  dehvery  through  the 

central  tube  all  tendency  to  back  firing  is  prevented. 

In  Fig.  92  is  shown  Weyman’s  patent  combustion  chamber  and  blast 
furnace  gas  burner  with  automatic  air  regulation,  and  air  pre-heating,  as  apphed 
to  a  Lancashire  boiler. 

The  Cumberland  burner,  which  is  illustrated  in  Fig.  93,  embodies  in  the  one 
apparatus  an  adjustable  gas  supply,  as  also  adjustable  primary  and  secondary  air 
supphes,  and  may  be  satisfactorily  operated  with  a  gas  pressure  of  i  in.  W.G. 

The  body  of  the  burner  is  formed  of  a  tubular  mixing  casing  [a],  which  is  tapered 
in  such  a  manner  towards  its  dehvery  end  as  to  prevent  back  firing.  The  gas  is 


supphed  to  the  outer  end  of  the  burner  from  a  vertical  connection  through  the 
bend  (&),  and  the  primary  air  is  supphed  partially  by  means  of  a  centrally  fixed 
tube  (c),  which  projects  through  the  gas  inlet  connection,  and  partially  by  means 
of  a  series  of  inlet  ports  (d),  formed  round  the  end  of  the  burner  tube.  These  latter 
ports  are  adjusted  in  area  by  means  of  a  rotary  sleeve,  which  is  so  arranged  that 
the  air  admission  may  be  very  effectively  regulated. 

The  combined  arrangement  of  central  and  also  external  air  ports  provides  for  a 
thorough  mixing  of  the  gas  and  air. 

Near  the  dehvery  end  of  the  burner  is  a  concentrically  arranged  casing  (e), 
in  which  secondary  air  poids  are  provided,  similar  to  the  primary  air  ports  (d).  At 
the  end  of  the  mixing  chamber  a  cover  (ff)  is  provided,  which  enables  the  attendant 
to  control  the  mixture  of  gas  and  air. 

In  Fig.  94  a  sectional  view  of  the  Himter  blast  furnace  gas  burner  is  shown. 
With  this  type  of  burner  the  primary  air  is  admitted  through  slotted  adjustable 
rollers.  Secondary  air  as  necessary  is  admitted  around  the  nozzle  of  the  burner. 
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The  application  of  Hunter  blast  furnace  gas  burners  to  a  battery  of  Thompson 
water  tube  boilers  is  shown  in  Fig.  95. 

In  the  United  States  blast  furnace  gas  has  been  used  in  conjunction  with 
pidverised  coal  for  the  firing  of  steam  boilers,  and  at  least  one  such  combined  plant 


Fig.  95. — Application  of  Hunter  Blast  Furnace  Gas  Burners  to  a 
Battery  of  Thompson  Water  Tube  Boilers. 

has  now  been  installed  in  this  country.  This  dual  method  of  firing  woidd  appear 
to  offer  distinct  advantages  from  the  point  of  view  of  reinforcing  a  low  grade  fuel, 
and  increasing  the  evaporative  output,  the  dust  problem  must,  however,  become 
more  acute  due  to  the  ash  carried  in  suspension  with  the  pidverised  coal. 


CHAPTER  X 


THE  GASIFICATION  OF  LOW  GRADE  AND  WASTE  COAL 

In  gas  producer  practice  a  very  wide  range  of  carbonaceous  materials  are  now  being 
successfully  dealt  wutb.  The  development  of  the  suction  gas  plant,  introduced 
rather  more  than  twenty  years  since,  and  its  successful  apphcation  for  the  use  of  a 
considerable  variety  of  waste  fuels,  and  residuals,  has  been  of  great  advantage,  not 


Fig.  96. — The  Dowsox  Bituminous  Peoducee. 


only  in  greatly  reducing  the  cost  of  power  production,  but  also  in  enabling  fuels 
to  be  utihsed  which  could  not  otherwise  be  employed. 

The  many  waste  fuels  which  are  now  being  gasified  in  suction  producers  while 
Avidely  varying  in  their  composition,  are  all  comparatively  low  in  ash  content,  and 
therefore  present  but  the  minimum  of  difficulty  in  clinker  formation  vdth  fixed  grates. 

In  its  simplest  form  the  suction  gas  producer  is  not  suitable  for  gasif}dng 
bituminous  coal,  or  for  fuels  of  a  caking  nature.  In  specially  designed  suction 
plants  such  fuels  are  used,  as  for  instance,  in  the  Dowson  bituminous  producer, 
in  which  ahnost  any  coal  not  containing  more  than  from  30  to  35  per  cent,  of  volatile 
content  can  be  gasified.  With  this  type  of  plant  the  tar  is  converted  into  gas  in 
the  producer. 

The  Dowson  bituminous  producer,  which  is  illustrated  in  Fig.  96,  is  of  the  double 
acting  type,  i.e.  air  is  drawn  in  through  the  top,  and  through  the  bottom  of  the 
fuel  column.  The  producer  is  open  at  the  top,  where  it  is  charged,  but  there  is  no 

196 
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Fic.  !)7. — The  (Jampbeu,  Open  Hearth  iSuction  Pkohuceh. 
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escape  of  gases,  as  air  is  dra-RTx  inwards  by  means  of  an  exbanst  fan.  Tbe  upper 
part  of  tbe  fire  burns  dowmwards,  tbe  hydrocarbons  are  distilled  off,  and  tbe  coke 
wbicb  remains  sinks  do^wards  into  the  lower  part  of  the  producer,  where  it  meets 


Fig.  98. — Tee  Keepely  Eevolvtng  Geate  Peodecee. 


an  upwards  current  of  steam  and  air,  and  is  converted  into  ordinary  producer  gas. 
The  mixture  of  gases  leaves  the  producer  through  an  outlet  about  nudway  between, 
the  top  and  the  bottom. 
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The  producer  has  a  water  bottom,  so  that  clinker  and  ash  may  be  removed 
while  the  plant  is  in  operation.  After  lea\'ing  the  producer  the  hot  gas  passes 
through  a  vaporiser  for  coohng,  and  to  generate  the  steain  retpiired,  thence  passing 
through  a  water  seal,  and  through  special  scrubbers  to  remove  dust,  soot,  etc.  In 
this  process  there  is  no  tar,  and  no  mechanical  or  other  extractor  is  required.  The 


Fig.  99. — Keepely  Patent  Revolving  CtEate  Peoducbk  foe  Ammonia  Recoveey. 


Campbell  open  hearth  suction  gas  plant,  which  is  illustrated  in  Fig.  97,  was  intro¬ 
duced  in  order  to  gasify  certain  fuels  which  could  not  be  satisfactorily  dealt  with 
in  an  ordinary  suction  producer,  such  as,  for  instance,  small  anthracite  and  coke 
breeze  slightly  over  -J-  in.  in  size,  and  also  small  locomotive  smoke  box  refuse 
or  char. 
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Tlie  fuel  rests  upon  a  solid  lieartli  forming  a  conical  fuel  bed,  the  sides  of  which 
are  open  to  the  atmosphere,  ample  area  is  thus  obtained  for  the  introduction  of 
air,  and  also  steam  from  the  evaporator. 

It  is  not  possible  to  gasify  these  small  fuels  on  an  ordinary  enclosed  grate  as 
usually  employed,  owing  to  the  very  limited  air  spacing  of  the  grate,  the  close  lying 
nature  of  the  fuel,  and  the  impossibility  of  providing  sufficient  air  to  suppoi-t 
combustion. 

The  open  hearth  also  provides  facihties  for  poking  and  the  removal  of  chnker  at 
any  point  around  the  heaidh,  without  interfering  with  the  process  of  gas  production. 


Fig.  lUO. — Aeeaugement  of  Three  Keepbly  Peodttcers  for  Firixg  a  Battery 
OF  Lancashire  Boilers.  (See  also  facing  page.) 

Owing  to  the  position  of  ^e'^evaporator,  the  wall  of  the  producer  next  to  the 
hottest  paid  of  the  fire  is  kept  comparatively  cool,  clinker  does  not  adhere,  and  the 
arching  or  bridging  over  of  the  fuel  is  avoided. 

For  the  gasification  of  low  grade  fuels,  and  more  particularly  waste  fuels 
having  a  high  ash  content,  mechanical  and  revolving  grate  producers  are 
now  extensively  used. 

Among  the  advantages  claimed  for  producers  of  these  types  as  compared  with 
fixed  or  stationary  grate  producers  are  the  following  : — 

1.  The  automatic  removal  of  ash. 

2.  Low  labour  cost  in  the  handling  of  incombustible. 

3.  More  uniform  and  more  complete  combustion. 

4.  Operation  for  long  periods  without  interruption. 

5.  The  gasification  of  much  more  fuel  per  square  foot  of  fuel  bed  area. 
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PLAN  WITH  ROOFS  REMOVED. 

Fig.  100. — Arrangement  of  Three  Kerpely  Producers  for  Firing  .a  B.attery 

OF  Lancashire  Boilers. 
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6.  Sa\dng  in  space  per  1000  cubic  feet  of  gas  produced. 

7.  Freedom  from  dust  and  dirty  conditions  during  tbe  removal  of  asb. 

8.  Production  of  gas  of  a  uniform  quality. 

9.  Eeduction  in  the  cost  of  maintenance. 

Among  gas  producers  of  the  mechanical  type  which  have  been  specially  designed 
for  the  gasification  of  low  grade  and  waste  fuels,  are  the  Kerpely,  Stein  Chapman, 
Pintsch,  Eehmann,  and  “  G.  E.,  ”  all  of  which  embody  special  and  distinctive 
features  in  design.  The  Kerpely,  Stein  Chapman,  and  “  G.  E.”  producers  wiU  be 
described  and  illustrated. 

The  Kerpely  Mechanical  Gas  Producer. — The  principal  features  in  the  design 
of  the  Kerpely  revolving  grate  gas  producer,  combining  mechanical  rotary  feed 
and  distribution,  and  also  balanced  and  adjustable  agitators,  are  shovm  in  Fig.  98. 

The  grate  is  of  polygonal  shape,  and  is  arranged  eccentrically  on  the  water 
trough.  It  has  a  continuous  action  in  crushing  any  chnker  formation.  The  chnker 
when  entering  the  ash  zone  is  caught  by  the  numerous  edges  of  the  revolving  grate, 
and  is  pressed  horizontally  sideways  against  the  seal  apron,  being  broken  or  crushed 
into  small  fragments,  which  falhng  into  the  water  trough  are  removed  by  the  ash 
scraper. 

The  ash  scraper  automatically  discharges  the  ash  and  chnker  accumulating 
in  the  bottom  of  the  producer,  and  being  constructed  to  srnt  the  shape  of  the  ash 
trough,  the  ash  is  not  only  pushed  aside,  but  is  piled  up  and  continuously  discharged 
into  an  ash  shoot. 

The  Avater  cooled  jacket  of  this  producer  is  a  valuable  feature  in  the  gasification 
of  clinkering  and  caking  fuels.  By  means  of  this  proAUsion  the  use  of  an  excessive 
cpiantity  of  steam  is  avoided  and  the  poking  required  vdth  brick  fined  producers  in 
breaking  down  the  chnker  is  obAnated.  The  saving  in  labour  and  steam,  the 
production  of  a  drier  gas,  and  the  prolonged  fife  of  the  furnace  brickwork  are  all 
points  of  importance. 

The  supply  of  air  and  steam  to  the  Kerpely  producer  is  separately  delivered 
to  the  inner  and  outer  sections  of  the  grate,  and  passing  through  the  spaces 
between  the  plates  of  the  revolAnng  grate  ensures  uniform  combustion  over  the 
whole  grate  area. 

Other  features  of  tins  producer  are  the  central  rotary  fuel  feed  and  the  balanced 
adjustable  agitators.  With  the  former  a  level  fuel  bed  is  ensured,  the  bed  being 
stirred  to  the  required  depth  by  the  agitators. 

The  speed  of  the  feed  can  be  varied  aaUK  in  operation  to  suit  all  working 
conditions  ;  and  a  safety  device  is  fitted  to  prevent  breakage  of  the  feed  parts,  or 
damage  to  the  motor  as  the  result  of  iron  or  other  foreign  material  passing  through 
Avith  the  fuel.  The  drum  is  easily  accessible  for  cleaning. 

The  agitators  are  balanced  on  ball  bearings,  and  can  be  adjusted  to  work  at 
varying  depths  of  agitation,  or  to  float  on  top  of  the  fuel  bed  as  may  be 
required  by  the  fuel  A\diich  is  being  gasified.  This  adjustment  may  be  made 
while  AA^orking. 
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The  agitator  fingers  or  forks  are  made  of  a  special  heat  resisting  alloy, 
and  while  being  easily  renewable  are  not  water  cooled.  The  agitators  may  be 
I'emoved  through  the  top  of  the  apparatus  if  desired  without  entirely  closing  down 
the  producer.  The  power  required  for  the  operation  of  the  agitators  is  rather  less 
than  1  H.P. 

The  Kerpely  high  pressiire  producer  for  operation  under  ammonia  recovery 
conditions  is  illustrated  in  Fig.  99.  This  type  of  producer  is  fitted  with  a  patent 


Fig.  101. — Kerpely  Gas  Valves  and  Burners  foe 
Producer  Gas  Firing. 

enclosed  water  seal  covering  the  ash  pan  and  revolving  grate.  This  arrangement 
ensures  the  pressure  of  air  under  the  grate,  being  the  same  as  that  above  the  water 
seal,  so  that  no  deep  seal  plates  are  necessary,  with  consequent  difficulties  in  removing 
ash.  A  high  pressure  producer  having  a  fuel  bed  diameter  of  9  ft.  7|-  in.  will  gasify 
over  3000  lbs.  of  fuel  per  hour. 

In  Fig.  100  is  shovm  the  general  arrangement  of  three  Kerpely  producers  fitted 
with  Bentley’s  mechanical  feed  and  agitators,  gasifying  a  low  grade  coal  at  a  Scotch 
colhery,  the  gas  being  used  for  the  firing  of  a  battery  of  Lancashire  boilers.  Part 
of  the  boiler-house  is  shown  in  the  illustration,  Fig.  101,  as  also  the  gas  valves  and 
burners. 
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Daily  working  analyses,  with  satiu'ation  temperatures,  taken  from  Kei’pely 
producers  using  Jlidland  producer  coals,  are  given  in  Table  No.  36,  while  in  Table 
No.  37  complete  details  of  an  evaporative  test  are  given  as  also  analyses  of  the 
fuels  gasified. 


TABLE  No.  36 

Daily  Gas  Analyses  for  the  month  of  June  1922,  with  a  Kerpely  Gas  Producer, 
with  Bentley^s  Mechanical  Feed  and  Agitators 


Date. 

-  C 

c 

Steam 

Pressure 

at 

Gas  Analyses  per  cent. 

O 

Calorific 

value 

B.T.U.'s. 

Kind 

02  ^ 
^  §.§■ 

bc  c: 
c3  G 

X  c 

Outer 

lbs. 

Inner 

lbs. 

CO, 

CO 

CH, 

1 

H, 

N 

-H  5  S 

^  s  ^ 

of  Coal. 

1st 

.59 

25 

45 

3-4 

28-0 

3-43 

1310 

52-07 

44-53 

167 

Mansfield 

2nd' 

61 

20 

40 

5*4 

24-6 

3-74 

12-46 

53-86 

40-86 

157 

3rcl 

61 

20 

40 

3-2 

28-2 

3-66 

1418 

50-76 

46-04 

174 

6th 

56 

25 

50 

3-2 

28-4 

411 

13-39 

50-90 

45-90 

177 

7th 

57 

25 

50 

2-8 

29-6 

3-63 

13 -.30 

50-67 

46-53 

176 

8th 

57 

25 

50 

2-6 

29  0 

3-86 

13-93 

.50-61 

46-79 

178 

9th 

57 

25 

50 

3-2 

29  0 

3-63 

13-01 

51-16 

45-64 

173 

10th 

57 

25 

50 

3-6 

28-0 

3-45 

12-28 

52-67 

43-73 

165 

12th 

60 

20 

45 

3-8 

28-0 

3-41 

13-50 

51-29 

44-91 

165 

13th 

62 

27 

.50 

2-4 

29-2 

3-88 

13-09 

51-43 

46-17 

176 

14th 

63 

25 

50 

3-2 

28-4 

3-42 

14-29 

50-69 

46-11 

173 

19th 

62 

25 

50 

4-0 

27-2 

3-21 

13-46 

.52-13 

43-87 

165 

20th  2 

62 

33 

60 

4-4 

25-2 

3-70 

13-88 

51-82 

42-78 

154 

21st 

62 

30 

40 

2-4 

290 

3-66 

12-81 

52-13 

45-47 

172 

22nd 

62 

30 

40 

2-8 

29  0 

4-38 

12-73 

51-19 

46-11 

179 

Mansfield 

Cannock 

23id 

60 

30 

40 

3-2 

29  0 

3-63 

12-69 

51-46 

45-32 

173 

Great  Wvi’ley 

26th 

61 

30 

50 

3-8 

27-0 

3-45 

15-28 

50-47 

45-73 

172 

Creswell 

27th 

61 

23 

45 

3-2 

27-8 

3-71 

13-80 

51  -49 

45-31 

172 

28th 

60 

30 

50 

3-6 

28-6 

318 

13-01 

51-61 

44-79 

167 

Langwith 

29th 

60 

30 

50 

3-4 

27-6 

3-45 

14-12 

51-42 

45-17 

170 

.30th 

63 

35 

60 

4  0 

27-4 

414 

14-92 

49-94 

46-06 

173 

JJ 

Carbon  in  ash.  (sample  taken  9th  inst.)=2-77  per  cent. 

1  Residue  from  bunkers,  mostly  dust. 

^  Day  of  stoppage  for  burning  out. 
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TABLE  No.  37 

Details  of  Evaporative  Test  with  two  Lancashire  Boilers  each  30  feet  lomj  x  feet 
diameter,  fired  hi/  a  Kerpely  Revolving  Grate  Gas  Producer,  Gasifying  HV/s.'e  Fuels 

Date  of  test  .  .  February  24th,  1922. 

Duration  of  test  .  .  6  hours  (8  a.m.  to  2  p.m.) 

Fuel  gasified  .  .  Waste  fuel,  Parrot  and  Belt  picking.s  mixed  (see  Analyses  below). 


Time.  .... 

8  a.m. 

9  a.m. 

10  a.m. 

11  a.m. 

12  noon. 

1  p.m. 

2  p.m. 

Weight  of  fuel  charged,  cwts. 

24 

131 

24 

12 

12 

18 

Depth  of  fire  . 

2'  10" 

2'  11" 

2'  6" 

2'  10" 

2'  6" 

2'  6" 

2'  10" 

Steam  pressure,  hmer,  lbs. 

65 

65 

60 

60 

40 

40 

40 

„  „  outer  „ 

20 

20 

25 

25 

25 

25 

30 

At  producer  main  gauge,' 
lbs . 

130 

130 

130 

140 

137 

no 

110 

Blast  pressure,  mner 

44" 

4" 

4" 

31" 

3.4" 

4" 

„  „  outer 

3" 

3" 

34" 

31" 

3" 

3" 

4" 

Saturation  temperature — 
Lmer  .... 

52°  c. 

.53°  c. 

52°  c. 

52°  c. 

.52°  c. 

52°  c. 

51°  c. 

Outer  .... 

58°  c. 

5.5°  c. 

55°  c. 

55°  c. 

.55°  c. 

55°  c. 

54°  c. 

Water  in  gauge  (height)  . 

81" 

81" 

Boiler  steam  pressure,  lbs. 

130 

134 

132 

138 

140 

142 

107 

CO  in  flue  gases 

.  . 

li% 

Draught 

■2.5" 

Lea  integrator,  unit  300 

lbs.  .... 

042,857 

042,888 

942,919 

042,9.52 

042,984 

043,008 

043,045  - 

Temperature  of  feed  water  ^ 

50°  c. 

55°  c. 

53°  c. 

50°  c. 

52°  c. 

54°  c. 

.54°  c. 

Total  water  evaporated 56,400  lbs. 

Total  fuel  gasified-  11,564  lbs. 

Water  evaporated  per  hour  (average)  =  9400  lbs. 
Fuel  gasified  per  hour  =  1927  lbs. 

Water  evaporated  per  lb.  of  fuel  gasified  =  4 -88  lbs. 


Fuel  Anah/ses 


Description,  ultimate 
analvsis. 


Carbon 

Hydrogen 

Nitrogen 

Oxygen  (by  difference) 

Sulphur 

Ash 

Moisture 


Less  correction  for 
oxidation  of  pyrites 


Parrot  and  Pickings. 

Dried  at 
10,5°  C. 

As  re¬ 
ceived. 

Per  cent. 

Per  cen^ 

35-55 

34-06 

3-50 

3-35 

0-65 

0-62 

9-92 

9-51 

0-47 

0-45 

50-20 

48-10 

4-18 

100-29 

100-27 

0-29 

0-27 

100-00 

100-00 

Proximate  analysis 
as  received. 

Gas  analj'sis. 

Per  cent. 

Percent 

Fixed  carbon  (by  j 
difference)  .  ) 

24 -.50 

(  c:o 

1  0 

5*8 

■58 

Volatile  matter  . 

23-22 

CO 

23-21 

Ash  . 

48-10 

H 

11-5 

Moisture 

4-18 

(  CH 

1  N 

2-85 

56-0 

100-00 

100-0 

Sulphur  included  m 

fixed  carbon. 

volatile  matter 

and  ash  . 

=  0-45 

Calorific  value,  B.T.U.’s  lb.  =  6580. 

Calories  per  kilo  =  3655. 


Gauge  inaccurate,  see  boiler  jiressure  gauge  figures. 
^  Feed  water  from  producer  jacket. 
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The  Stein  Chaptnan  Gas  Producer,  with  Mechanical  Agitator. — The  Stein  Chapman 
j^roducer  which  embodies  an  automatic  feed,  mechanical  agitation  and  automatic 
ash  extraction  is  illustrated  in  Fig.  102. 

The  coal  hopper  which  will  be  seen  in  the  illustration  is  kept  filled  with  coal 
from  a  spout,  which  connects  with  an  overhead  bunker.  Alternatively,  if  desired, 
the  coal  may  be  shovelled  into  the  hopper  from  the  grormd  level,  the  height  being 
only  51  in.  From  the  hopper  the  coal  passes  into  a  rotating  drum.  The  drum  is 
rotated  intermittently  by  means  of  a  rocking  lever  carrying  a  pawl,  the  lever  being 
rocked  by  means  of  a  connecting  rod  attachment  to  the  face  of  a  spur  wheel,  driven 
by  a  pinion,  which  is  carried  on  the  spindle  of  a  2  B.H.P.  totally  enclosed  electric- 
motor. 

The  interior  of  the  drum  is  formed  Avith  three  chambers,  each  haAung  a  capacity 
of  from  40  to  60  lbs.  of  coal.  As  the  drum  rotates  the  chambers  are  filled  in  turn, 
and  in  turn  discharge  into  the  producer. 

The  drum  acts  as  its  own  coal  breaker,  any  lumps  too  large  to  enter  the  chambers 
being  broken  between  the  front  edges  of  the  chambers,  and  a  sharp-toothed  steel 
casting  fixed  in  the  hopper.  A  safety  device  in  the  form  of  a  shearing  pin  is  fitted 
in  connection  vdth  the  pawl. 

The  drum  is  slightly  tapered  outside  so  that  it  may  be  adjusted  endvdse  in  its 
housing,  either  to  take  up  or  increase  clearance,  for  ease  of  rotation  in  case  tar  or 
dirt  may  accrtmulate  around  it.  Spiral  ribs  are,  however,  provided  on  the  outer 
surface  of  the  drum,  which  tend  to  work  out  any  soot,  coal  dust,  or  tar,  which  may 
get  between  the  drum  and  its  housing. 

As  the  coal  leaA^es  the  drum  it  slides  doAvn  a  chute  and  falls  on  to  a  centrally 
arranged  steel  bell,  which  scatters  it  evenly  over  the  fire,  adjustable  deflectors  being 
fitted  to  ensrrre  uniform  spreading. 

The  Chapman  agitator  is  of  what  is  known  as  the  floating  type,  adapting  itself 
to  the  height  of  the  fuel  bed.  It  rotates  just  beneath  the  average  fuel  level  and 
does  not  break  up  the  even  and  imiform  bed  of  fuel  below.  Its  operation  is  based 
upon  the  Imown  condition  of  the  fuel  bed,  which  for  a  depth  of  from  6  in.  to  18  in.  is 
usually  dense  and  difficult  to  blow  through. 

The  agitator  consists  of  a  rake  or  horizontal  arm  carrying  a  series  of  stirring 
fingers,  Avhich  project  downward  from  the  arm  and  also  forward  in  the  direction 
of  movement.  The  agitator  rotates  on  the  top  of  the  firebed,  the  fingers  projecting 
downwards  into  it,  harrowing  or  ploughing  up  the  surface,  which  is  levelled  by  the 
following  action  of  the  horizontal  cross  arm. 

The  depth  at  which  the  fingers  operate  in  the  fuel  bed  varies  from  8  in.  to  14  in., 
and  is  determined  by  the  weight  in  the  weight  box.  The  most  suitable  depth 
depends  upon  the  class  of  fuel  being  gasified. 

The  agitator  is  driven  by  a  horizontal  worm  wheel,  which  in  turn  is  driven  by 
a  worm  on  the  same  shaft  as  that  on  which  is  momited  the  spur  wheel  carrying  the 
coal  drum  connecting  rod.  The  hub  of  the  driving  worm  wheel  is  made  with  a  pair 
of  lugs  projecting  inwards,  which  engage  a  pair  of  screw-like  spiral  lugs  formed  on 
the  driving  head  of  the  agitator. 
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Fig.  102. — The  Stein  Chapm.4n  Peoducer  'W'ith  Mechanical  Agit.ator. 
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In  normal  operation  tlie  worm  wheel  drives  tlie  agitator  at  about  7  revolutions 
per  liorrr,  so  that  every  part  of  the  fuel  bed  is  covered  14  times  per  hour.  If,  however, 
the  agitator  strikes  an  obstruction  or  becomes  covered  too  deeply  with  the  fresh 
fuel,  so  that  more  power  is  required,  the  driving  head  automatically  screws  upward 

to  a  point  at  which  the  forces  are  again 
in  balance.  Similarly,  if  the  top  of 
the  firebed  falls  too  low  the  agitator 
follows  it. 

The  main  purpose  of  the  floating 
provision  is  to  maintain  uniform 
treatment  of  the  firebed  independent 
of  its  level,  but,  as  already  observed, 
the  arrangment  also  acts  as  a  safety 
release  in  case  the  agitator  strikes  an 
obstruction. 

Further  provision  against  breakage 
is  furnished  by  the  cut  out  on  the 
motor  and  the  main  fuses. 

The  stirring  fingers  are  made  of 
high  carbon  steel  and  can  be  easily 
replaced  when  worn  out.  The  hori¬ 
zontal  members  are  of  tough  metal, 
and  have  lasted  for  two  years  in  con¬ 
tinuous  service,  while  there  is  no  record 
of  one  having  ever  broken. 

The  agitating  arm,  stem  and  driving 
head  of  the  Chapman  floating  agitator 
are  shown  in  Fig.  103. 

Tire  Chapman  “  asher  ”  or  auto¬ 
matic  ash  extractor  consists  of  an  ashing 
beam,  which  is  arranged  diametrically 
across  the  ash  pan.  It  is  of  cast  steel, 
2  in.  thick,  and  10  in.  wide,  and  is 
curved  backwards  at  the  outer  ends. 

The  ashing  beam  revolves  con¬ 
tinuously,  and  its  speed  may  be  adjusted  from  one  revolution  per  hour  to  one 
revolution  in  ten  hours.  The  backward  curving  ends  of  the  beam  result  in  more 
ashes  being  removed  from  the  outer  part  of  the  firebed,  where  more  are  made. 
The  beam  is  provided  with  agitating  lugs  or  teeth,  which  project  upwards  and 
forward,  through  the  ashes  in  the  lower  part  of  the  producer.  The  teeth,  which 
are  removable  in  case  of  wear,  finger  dovm  any  large  pieces  of  ash,  and  break 
up  arches  which  may  tend  to  form  between  the  producer  walls  and  the  tuyere 
hood.  They  also  agitate  the  ashes  sufficiently  to  impart  motion  to  all  the  lower 
part  of  the  bed. 


Fig.  103. — Agitating  Aem,  Stem,  and  Driving  Head 
OF  THE  Ch.^pman  Floating  Agitator. 
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The  ashing  beam  is  supported  at  each  end  by  a  large  gear  ring  wliich  rotat(“s 
continnously.  The  beam  passes  round  the  blast  pi])e  under  the  tuyere  head,  l)ut 
does  not  touch  it,  and  has  no  bearing  in  the  centre  of  the  })roducer.  Its  bearings 
are  all  outside,  where  they  are  readily  accessible  for  inspection  and  lubrication. 

Attached  to  the  rotating  gear  ring  there  are  six  scoops,  the  front  edges  of  each 
set  of  three  of  which  project  downwards  different  distances  into  the  ashes.  The 
result  of  this  arrangement  is  that  each  scoop  as  it  revolves  removes  an  equal  quantity 
of  the  ashes,  which  have  been  forced  out  by  the  ashing  beam.  A  fixed  deflector  is 
set  diagonally  over  the  ash  pan,  and  as  the  scoops  pass  under  it  they  are  relieved  of 
their  load.  The  shape  of  the  concrete  ash  pan  is  the  same  as  in  producers  in  which 
the  ashes  are  shovelled  out  by  hand. 

The  asher  is  driven  by  a  motor  and  gearing  entirely  independent  of  the  agitator 
drive,  so  that  in  the  event  of  a  breakdown  of  the  ash  removal  apparatus,  the  ashes 
may  be  shovelled  out  by  hand,  without  stopping  the  operation  of  the  producer. 

In  a  paper  ^  read  before  the  Manchester  Section  of  the  Society  of  Chemical  Industry 
on  February  2,  1923,  by  T.  Roland,  Wollaston,  M.I.M.E.,  and  A.  L.  Booth,  A.I.C., 
after  referring  to  the  performance  of  ammonia  recovery  gas  producers,  the  authors 
expressed  the  opinion  that  “  there  seemed  to  be  three  axioms  : 

“  (1)  Coke  is  always  a  good  producer  fuel.  There  is  enough  heat  in  the  gas 
leaving  the  producer  to  coke,  or  at  least  semi-coke,  the  incoming  fuel.  If  this 
coking  is  effected  by  direct  contact  between  gas  and  fuel,  the  more  volatile 
constituents  of  the  latter  will  be  taken  up  by  and  enrich  the  former.  The  final 
issuing  gas  will  be  cooled  down  considerably.  Coke  or  semi-coke  only  will  reach 
the  producer. 

“  (2)  High  blast  saturation  in  early  recovery  producers  was  adopted  for  physical 
rather  than  chemical  reasons,  that  is  to  say,  to  reduce  the  temperature  of  the  com¬ 
bustion  zones,  to  avoid  decomposition  of  the  ammonia  and  to  prevent  the  formation 
of  clinker.  Such  moderation  of  temperature  should  be  obtainable  as  well  by  useful 
radiation  as  by  direct  contact.  The  heat  thus  radiated  is  sufficient  to  generate  all 
the  steam  necessary. 

“  (3)  The  water  bottom  type  of  producer  is  at  once  best  and  cheapest,  mechanical 
and  controllable  discharge  of  ash  is  sound  and  economical.  Hydraulic  collection 
and  discharge  of  large  volumes  of  ash  is  a  proved  success,  and  highly  economical.” 

Based  upon  the  above  conclusions  the  R.G.  producer,  the  invention  of  Mr 
T.  Roland,  Wollaston,  M.I.M.E.,  is  perhaps  the  latest  type  of  producer  plant  for  the 
satisfactory  handling  of  low  grade  fuels.  A  full  size  plant  has  been  constructed 
having  a  capacity  of  15  cwts.  per  hour,  and  has  been  thoroughly  tested  during  the 
past  twelve  months,  with  some  of  the  most  difficult  fuels  available  in  this  country, 
with  eminently  satisfactory  results. 

Upon  reference  to  the  accompanying  illustration.  Fig.  104,  the  reasons  which 
will  account  for  the  remarkably  successful  results  obtained  will  be  apparent. 

The  design  originated  in  the  idea  of  producing  gas  under  ammonia  recovery 

'  Jovrvnl  of  fhe  Societj/  of  Chemicnl  Indu-fttry.  May  11,  102.S,  vol.  xl..  No.  1!).  pp.  200  T,  202  'P. 
“  Recent  Develojiments  in  (las  Producers,”  by  1’.  Roland.  Wollaston,  M.I.M.E..  and  A.  L.  Bootli,  .A.I.t'. 
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Fig.  104. — The  R.G.  Patent  Producer. 
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conditions,  as  in  the  Mond  system,  but  in  working  with  much  lower  blast  saturation, 
keeping  the  combustion  zones  and  fuel  bed  generally  at  the  necessary  low  temperature 
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by  useful  radiation  of  heat  to  the  unlined  boiler  surrounding  the  producer,  and  to 
the  central  blast  superheater.  The  producer  thus  generates  all  its  own  steam,  with 
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an  available  surplus,  and  a  gas  more  closely  resembling  “  non-recovery  ”  gas,  i.e., 
with  high  CO  and  moderate  H.  AVell  a\ithenticated  results  are  clearly  shown  in 
the  accompanying  graphs.  Figs.  105  and  106. 

The  principal  reason  for  the  adaptability  of  this  plant  for  low  grade  coal  is  in 
the  provision  of  the  superimposed  retort  through  which  the  true  producer  gas  finds 
exit.  In  this  retort  the  descending  coal  is  kept  open,  in  motion  and  in  contact  with 
the  outgoing  gas,  at  a  temperature  averaging  500°  C.,  which  is  sufficiently  high  to 
distil  off  the  hydrocarbons  (enriching  the  gas  thereby),  and  to  convert  the  fuel  into 
a  soft  coke,  ideal  for  gasification  in  the  producer. 

The  nature  of  the  fuel  as  regards  ash  content,  swelling  and  caking  properties, 
dust  and  moisture,  have  in  practice  no  appreciable  effect  upon  the  ultimate  coke 
dropped  into  the  producer,  and  fuels  which  in  coking  swell  to  from  five  to  six  times 
their  original  bulk  give  no  trouble.  A  further  valuable  feature  is  the  efficiency  of 
the  retort  as  a  dust  catcher. 

The  fuel  thus  fed  to  the  producer  is  not  only  free  from  caking  qualities,  but  is 
also  most  suitable  for  the  maintenance  of  even  blast  distribution,  therefore  permitting 
of  very  high  rates  of  gasification  per  unit  area.  One  of  the  most  serious  difficulties 
in  the  utilisation  of  low  grade  fuels  m  gas  producers  is  that  of  clinkering.  Such 
fuels  usually  contain  a  considerable  proportion  of  ash  which  is  fusible  at  a  low 
temperature.  In  anticipation  of  this  difficulty  and  for  other  reasons  which  apply 
more  in  the  case  of  a  battery  of  producers,  the  design  of  crusher  roll  grate  shown  was 
devised  to  crush  and  clear  clinker. 

During  the  whole  of  the  trials  it  has  been  shown  that  this  provision  is  unnecessary, 
and  no  clinker  of  appreciable  size  has  been  formed.  This  remarkable  result  is  clearly 
due  to  the  low  temperatures  attained  throughout  the  fuel  bed  by  reason  of  the  rapid 
heat  transference  to  the  annular  boiler  and  central  blast  superheater. 

The  outstanding  advantages  of  this  producer  for  the  gasification  of  low  grade 
fuels  has  been  clearly  demonstrated.  Its  performance  when  used  in  connection  with 
by-product  recovery  is  shown  in  the  graphs.  Figs.  105  and  106. 


CHAPTER  XI 


STEAM  BOILERS 

Given  normal  conditions  with  a  wide  range  of  fuels  to  select  from,  the  choice  of  the 
most  suitable  and  efficient  type  of  steam  generator  is  not  an  easy  matter,  and 
necessitates  the  close  consideration  of  various  factors. 

In  the  many  excellent  works  on  steam  boilers,  while  every  detail  of  existing 
types  is  exhaustively  discussed,  there  is  a  noticeable  reluctance  to  single  out  any 
one  type  of  boiler  as  possessing  outstanding  advantages  over  all  other  types. 

This  attitude  is  not  surprising,  because  under  normal  conditions  there  is  no 
particular  type  of  boiler  which  from  every  point  of  view  is  superior  to  all  other  types, 
and  it  is  for  this  reason  that  the  choice  of  the  most  efficient  boiler  demands  careful 
consideration  of  all  the  factors  involved. 

In  this  chapter  it  is  not  proposed  to  discuss  steam  boilers  in  detail,  but  rather 
to  direct  attention  to  important  features  affecting  the  suitability  of  boilers  of  various 
types  for  the  utilisation  of  low  grade  fuels.  Hitherto  in  the  selection  of  steam  boilers 
this  is  an  aspect  which  has  not  received  that  consideration  which  it  merits.  It  will 
be  submitted  that  if  a  steam  boiler  is  considered  primarily  from  the  point  of  view  of 
its  suitability  for  utilising  a  wide  range  of  low  grade  fuels,  the  choice  of  types  is 
necessarily  very  restricted. 

Among  the  more  important  factors  which  should  receive  consideration  are 
{a)  the  grade  or  quality  of  fuel  which  it  is  desired  to  use,  (b)  the  steam  pressure 
required,  (c)  the  desired  evaporative  capacity,  (d)  the  nature  of  the  demand  for  steam, 
i.e.  whether  even  and  unvarying,  or  fluctuating,  and  (e)  the  floor  space  and  height 
available. 

For  convenience  the  various  types  of  steam  boilers  available  may  be  grouped 
as  follows  : 

(ffl)  Vertical  type. 

(6)  Cornish  ,, 

(c)  Lancashire  ,, 

(d)  Water  Tube  ,, 

Groups  (6)  and  (c)  will  embody  single  Hue  economic,  dry  back,  marine  and 
multitubular  boilers,  as  also  double  flue  boilers  of  these  types  and  Yorkshire  boilers. 

Vertical  Boilers. — In  any  consideration  of  the  comparative  suitability  of  steam 
boilers  of  various  types,  having  due  regard  to  the  conditions  and  facilities  obtaining 
for  the  utilisation  of  low  grade  fuels,  this  type  of  boiler  must  to  a  large  extent  be 
regarded  as  useless. 
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Limited  in  grate  area,  restricted  in  combustion  space,  difficult  to  fire,  and  even 
more  difficult  to  clinker,  deficient  in  heating  surface,  inaccessible  for  inspection  and 
cleaning,  it  may  be  said  that  the  plain  vertical  boiler  not  only  demands  the  use  of 
good  quality  fuel  for  its  operation,  but  even  then  rarely  gives  a  thermal  efficiency 
of  more  than  50  per  cent. 

With  boilers  of  this  type,  owing  to  the  very  limited  heating  surface  provided,  it 
is  a  common  experience  to  find  the  temperature  of  the  exit  gases  as  high  as  from 
900°  to  1000°  Fahr. 

The  more  efficient  types  of  vertical  boilers,  such  as  the  Cochran,  Essex,  and 
Spencer  Hopwood,  by  reason  of  the  ample  heating  surface  provided,  give  a  lower 
exit  temperature  in  the  gases,  and  accordingly  an  improved  thermal  efficiency,  but 
for  low  grade  and  dirty  fuels  it  cannot  be  said  that  they  present  good  conditions  in 
combustion  space,  limited  grate  area,  and  firing  and  clinkering  facilities. 

There  are  conditions  which  necessitate  the  use  of  boilers  of  the  vertical  type,  as, 
for  instance,  very  restricted  ground  space,  or  limited  steam  requirements.  In  all 
such  cases  there  is  no  doubt  whatever  that  from  the  point  of  view  of  cost  of  steam 
generation  it  would  pay  handsomely  to  instal  boilers  of  the  multitubular  fire  tube 
or  water  tube  vertical  type,  of  ample  size,  utilising  coke  breeze  as  fuel. 

The  characteristics  of  this  fuel  are  such  that  wdth  the  restricted  combustion 
space  provided  with  all  boilers  of  this  type,  it  is  specially  suitable.  The  low  volatile 
content,  the  high  percentage  of  radiant  heat  transmitted,  and  the  freedom  from 
smoke  trouble  are  points  of  much  importance. 

It  is  necessary  to  emphasise  the  necessity  for  providing  a  boiler  of  ample  size, 
bearing  in  mind  that  the  usual  rated  capacity  of  a  boiler  is  based  upon  the  use  of 
the  best  quafity  coal  and  a  good  draught. 

As  a  general  rule  it  is  desirable  to  instal  a  boiler  of  not  less  than  50  per  cent, 
increased  capacity  if  it  is  desired  to  burn  coke  breeze  instead  of  good  steam  coal. 
Apart  from  any  other  consideration  this  is  necessary  in  the  case  of  vertical  boilers 
in  order  to  provide  ample  grate  area. 

The  range  of  low  grade  fuels  which  can  be  utihsed  under  the  most  favourable 
conditions  is  necessarily  limited.  As  already  observed  the  restricted  combustion 
space  demands  the  use  of  a  low  volatile  fuel,  while  the  facihties  for  chnkering  are 
such  that  it  is  very  important  to  limit  the  percentage  of  ash. 

In  the  use  of  a  dirty  fuel  not  only  is  the  removal  of  the  incombustible  very 
troublesome  and  wasteful,  but  owing  to  the  small  steam  and  water  capacity  of 
boilers  of  this  type,  the  cleaning  of  the  fire  involves  a  very  serious  drop  in  the 
steam  pressure. 

Cornish  Boilers. — About  120  years  have  passed  since  the  Cornish  boiler  was 
introduced.  All  fire  tube  boilers,  such  as  those  of  the  Lancashire,  Dry  Back,  or 
Economic,  Yorkshire,  and  Lancashire  and  Cornish  multitubular  types,  subsequently 
introduced,  have  been  based  upon  or  adapted  from  the  standard  Cornish  design. 

Cornish  boilers  vary  in  dimensions  from  10  ft.  long  by  4  ft.  diameter,  to  24  ft. 
long  by  6  ft.  6  in.  or  7  ft.  diameter,  the  normal  evaporation  ranging  from  800  Ihs.  to 
3500  lbs.  of  water  per  hour,  and  the  working  steam  pressure  from  80  lbs.  to  200  lbs. 
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per  sq.  in.  Wliile  CorniHli  boilers  are  occasionally  constructed  for  the  latter  working 
pressure,  the  usual  working  pressures  vary  from  80  lbs.  to  120  lbs.  per  sq.  in. 

As  a  rehable  steam  generator  this  type  of  boiler  is  very  popular  and  is 
extensively  used.  In  simplicity  of  design,  sound  con.struction  and  freedom  from 
trouble  it  possesses  obvious  advantages,  while  in  many  small  works  the  reserve 
of  steam  and  water  provided  is  very  advantageous. 

A  standard  Cornish  boiler  of  the  ordinary  flat-ended  type  is  illustrated  in 
Fig  107.  The  dish-ended  type  of  boiler,  with  an  eccentric  flue,  is  shown  in  Fig.  108. 
This  arrangement  of  the  flue  or  furnace  tube  is  said  to  improve  the  circulation. 


Fig.  107. — Cornish  Boiler,  Flat  End  Type. 


to  what  extent  this  claim  is  reahsed  in  practice  is  open  to  question,  but  it  certainly 
does  to  some  extent  facilitate  internal  examination  and  cleaning. 

For  an  evaporation  of  up  to  2000  lbs.  of  water  per  hour  it  is  doubtful 
whether  the  Cornish  boiler  offers  any  outstanding  advantage  in  efficiency  over  the 
best  types  of  vertical  boilers.  The  ground  space  occupied  is  considerably  more, 
while  the  capital  expenditure  involved  for  a  Cornish  boiler,  its  brickwork  setting, 
and  chimney  will  be  much  higher. 

Regarded  solely  from  the  point  of  view  of  low  grade  fuel  utilisation,  the  Cornish 
boiler  is  more  satisfactory  than  the  vertical  boiler,  providing  as  it  does  better 
facilities  for  firing  and  clinkering. 

For  an  evaporation  of  from  2000  to  3000  lbs.  of  water  per  hour  a  Cornish  boiler 
of  ample  size  may  be  arranged  to  utilise  a  wide  range  of  low  grade  fuels,  and  if 


216  UTILISATION  OF  LOW  GRADE  AND  WASTE  FUELS 


provided  with  a  hot  feed  water  supply,  will  usually  show  a  higher  thermal  efiicieucy 
than  a  vertical  boiler  of  equivalent  heating  surface. 

Lancashire  Boilers. — The  Lancashire  boiler  was  first  introduced  in  1841,  and 
with  the  type  just  discussed  has  been  deservedly  popular.  It  is  estimated  at  the 
present  time  that  from  80  to  85  per  cent,  at  least  of  the  steam  boilers  in  use  in 
Great  Britain  are  either  of  these  types,  or  of  types  based  upon  the  same. 

Lancashire  boilers  vary  from  6  ft.  in  chameter  and  a  length  of  18  ft.,  to  9  ft. 
in  diameter  and  a  length  of  30  ft.,  the  working  pressures  ranging  from  80  lbs.  to 
200  lbs.  per  sq.  in. 

The  smaller  Lancashire  boilers,  i.e.  those  of  6  ft.  diameter,  are  now  but 
rarely  installed,  and  may  be  regarded  as  obsolete  practice.  Such  boilers  are 
provided  with  furnace  or  flue  tubes  of  about  25  In.  internal  diameter,  presenting 
very  cramped  and  hmited  combustion  space,  whiie  also  being  very  inaccessible. 

The  heating  surface  of  a  Lancashire  boiler  20  ft.  long  by  6  ft.  diameter  is 


Fig.  108. — Coenish  Boilee,  Dish  End  Type  with  Eccenteic  Flue. 


475  sq.  ft.,  and  its  rated  evaporation  3300  lbs.  of  water  per  hour.  A  Cornish  boiler 
22  ft.  long  by  6  ft.  6  in.  diameter  has  455  sq.  ft.  of  heating  surface,  and  a  rated 
evaporation  of  3185  lbs.  of  water  per  hour. 

In  practice  it  is  found  that  the  larger  combustion  space  is  of  great  advantage, 
permitting  the  use  of  such  low  grade  and  dirty  fuels  as  could  not  be  utilised  with 
the  Lancashire  boiler. 

The  much  larger  fire  door  facihtates  both  firing  and  chnkering,  while  the  in¬ 
creased  area  provided  above  the  grate  presents  much  better  conditions  for 
combustion. 

Generally  speaking,  it  is  not  good  practice  to  instal  a  Lancashire  boiler  having 
a  diameter  of  less  than  6  ft.  6  in.  with  furnace  tubes  of  2  ft.  6  in.  internal  diameter. 
Having  in  mind  that  the  grate  level  is  usually  arranged  at  the  centre  line  of  the 
flue,  with  a  fire  8  in.  in  thickness,  the  available  combustion  space  of  only  7  in. 
to  the  crovm  of  the  furnace  is  exceedingly  limited,  and  the  conditions  presented 
for  the  efficient  burning  of  any  fuel,  other  than  those  of  low  volatile  content,  are 
most  unsatisfactory. 

Although  the  great  bulk  of  Lancashire  boilers  in  use  are  of  the  flat-ended  type. 
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as  illustrated  in  Fig.  lOi),  dish-ended  boilers  are  now  being  niucli  advocated,  and 
a  considerable  number  are  in  use.  ^Vllile  this  type  of  boiler  is  cheaper  to  manu¬ 
facture  than  the  flat-ended  type,  extended  experience  only  will  show  whether  the 
dish-ended  design  embodies  any  outstanding  advantage  over  the  earlier  design. 

For  long  life,  with  low  maintenance  cost  and  comparative  freedom  from  trouble, 
the  Lancashire  boiler  of  the  flat-ended  type  enjoys  a  high  reputation.  Boilers 
of  the  dish-ended  type  have  not  yet  been  in  use  for  a  suflicient  length  of  time  to 


Fig.  109. — Lancashire  Boiler,  Flat  End  Type. 

determine  whether  they  possess  any  appreciable  advantage  from  the  point  of  view 
of  durabihty. 

On  the  contrary,  Lancashire  boilers  of  the  flat-end  type  have  in  many  cases 
been  in  continuous  use  for  from  twenty  to  thirty  years,  wdth  a  comparative 
immunity  from  trouble  and  expense,  even  under  conditions  which  cannot  be  regarded 
as  entirely  favourable.  In  common  with  the  Cornish  boiler  the  Lancashire  type 
provides  a  large  steam  and  water  reserve.  In  many  industries  where  the  demand 
for  steam  fluctuates,  this  is  a  feature  of  considerable  importance,  enabling  sudden 
and  heavy  demands  for  steam  to  be  met  wdthout  a  serious  drop  in  the  pressure. 

While  the  provision  of  good  feed  water  is  desirable  with  steam  boilers  of 
every  type,  generally  speaking  it  is  less  important  with  Lancashire  and  Cornish 
boilers  than  is  the  case  with  other  types,  and  particularly  water  tube  boilers, 
which  will  be  discussed  later. 

Yorkshire  Boilers. — The  Yorkshire  boiler,  illustrated  in  Fig.  110,  was  introduced 
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in  li)07,  and  ditt'ers  from  the  Lancashire  type  mainly  in  its  maximum  length,  which 
is  limited  to  24  ft.,  in  the  design  and  arrangement  of  the  furnace  or  flue  tubes,  and 
in  the  provision  of  a  standardised  grate  area,  which  is  always  in  constant  ratio 
with  the  exit  area  of  the  furnace  flues. 

As  will  be  observed  upon  reference  to  Fig.  110,  the  two  furnace  flues  expand 
from  front  to  rear,  increasing  the  area  of  the  gas  outlet  to  the  extent  of  30  per  cent. 
This  arrangement  of  the  furnace  flues  provides  for  the  highest  temperature,  the 
smallest  heating  surface,  and  the  greatest  weight  of  water  at  the  front  end  where 
the  transmission  of  heat  is  most  rapid,  and  the  largest  heating  surface,  with  the 
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Fig.  1 10. — The  Yoekshire  Boiler. 

smallest  weight  of  water,  at  the  rear  end  of  the  boiler  where  the  temperature  of 
the  gases  is  lowest. 

The  ratio  of  grate  area  to  the  aggregate  outlet  area  of  the  furnace  flues  is 
1-8  to  1  in  all  sizes  of  boilers.  The  Yorkshire  boiler  is  made  in  a  number  of  sizes 
from  (i  ft.  diameter  and  17  ft.  long  to  9  ft.  4  in.  diameter  and  24  ft.  in  length. 
The  rated  evaporation  of  the  smallest  standard  boiler  is  2898  lbs.  per  hour,  and 
that  of  the  largest  boiler  11,000  lbs.  per  hour. 

Economic  or  Dr//  Bacli  Boiler. — This  type  of  boiler  differs  from  the  Lancashire, 
Cornish  and  Yorkshire  types  in  the  provision  of  increased  heating  surface  in  the 
form  of  fire  tubes  extending  throughout  the  water  space  of  the  boiler  above  and 
at  the  sides  of  the  furnace  tubes.  The  gases  leaving  the  furnace  tubes  at  the  rear 
return  to  the  front  of  the  boiler  through  the  fire  tubes  into  a  smoke  box  arranged 
above  the  furnace  fines. 

If,  as  is  the  common  practice,  the  boiler  is  set  in  brickwork  the  gases  leaving 
the  smoke  box  then  traverse  the  side  flues  to  the  main  flue  and  chimney. 
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In  some  cases,  however,  small  boilers  of  this  type  are  not  set  in  l)riekwork, 
the  boiler  being  set  upon  cradles,  in  which  case  the  gases  pass  direct  from  the 
smoke  box  to  a  chimney  set  immediately  above. 

Boilers  of  this  type  are  usually  limited  to  a  length  of  M  ft.  and  a  maximum 
diameter  of  about  11  ft.  Compared  with  a  Lancashire  boiler  30  ft.  long  by  0  ft. 
having  1120  sq.  ft.  of  heating  surface,  an  Economic  boiler  1-1  ft.  long  by  0  ft.  diameter 
has  1G40  sq.  ft.  of  heating  surface,  and  assuming  in  each  case  an  equal  coal  con¬ 


sumption  per  hour,  the  exit  temperature  of  the  gases  from  an  Economic  boiler  will 
obviously  be  much  lower,  with  a  corresponding  gain  in  efficiency.  It  is  for  this 
reason  that  the  use  of  economisers  with  boilers  of  this  type  is  not  generally  advocated. 

Where  ground  space  is  an  important  factor  the  Economic  boiler  is  advantageous 
by  reason  of  its  reduced  length,  less  expensive  setting,  and  the  very  ample  and 
compact  heating  surface  provided.  For  a  shell  boiler  it  is  quick  steaming,  but  in 
the  provision  of  steam  and  water  space  it  is  not  so  satisfactory  as  the  Lancashire 
type,  while  it  is  also  more  difficult  to  clean  and  more  costly  to  maintain. 

The  Paxman  “  Economic  ”  boiler  is  illustrated  in  Fig.  111. 
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Externally  Fired  Multitubular  Boiler. — This  type  of  boiler,  while  very  ex¬ 
tensively  used  in  the  United  States  and  in  some  other  countries,  has  not  been 
adopted  to  any  extent  in  this  country,  where  it  has  never  been  regarded  as  a  serious 
competitor  of  established  types,  such  as  Cornish  and  Lancashire  boilers. 

Locomotive  Type  Boiler. — Another  type  of  boiler  which  is  largely  used  in 
laundries  and  small  works  is  the  Locomotive  type.  In  working  efficiency  with  a 
good  quahty  of  fuel  it  has  a  very  satisfactory  record,  but  it  is  difficidt  to  keep 
clean,  and  generally  cannot  be  compared  with  Lancashire  and  Cornish  boilers  from 
the  point  of  view  of  accessibihty  and  low  maintenance  cost. 

Water  Tube  Boilers. — Water  tube  boilers  were  first  used  about  half  a  century 
since,  but  it  is  only  within  the  past  twenty  years  that  they  have  been  extensively 
adopted. 

The  advantages  of  the  water  tube  boiler  may  be  briefly  stated  as  follows  : — 

1.  High  steam  pressures  can  be  used  with  safety. 

2.  The  saving  in  ground  space  occupied  for  a  given  steam  output  is  considerable. 

3.  Much  greater  heating  surface  and  evaporative  capacity  can  be  provided  in 

a  single  boiler  unit. 

4.  Rapichty  in  steam  generation,  and  greater  flexibihty. 

5.  Larger  grate  area,  better  combustion  conditions,  more  easily  adaptable  to 

the  use  of  a  wide  range  of  fuels,  and  various  methods  of  firing. 

Against  the  advantages  must  be  set  the  disadvantages  of  boilers  of  this  type, 
which  are  : — 

1 .  Small  water  capacity. 

2.  The  necessity  for  using  pure  feed  water. 

3.  The  need  for  greater  attention  than  is  devoted  to  boilers  of  other  types. 

The  water  tube  boilers  now  on  the  market  may  be  diUded  into  two  distinct 
classes  or  types,  viz.,  the  header  type,  and  the  direct  tube  to  drum  type. 
The  former  type  comprise  the  Babcock  &  Wilcox,  Spearing  and  Niclausse  boilers, 
while  among  the  latter  type  are  the  Stirhng,  Woodeson,  Nesdrum,  and  Thompson 
boilers.  Each  of  these  types  embody  distinctive  features  in  design,  and  may  be 
taken  as  typical  of  the  best  British  practice  in  water  tube  boiler  design. 

The  present  tendency  is  to  provide  much  higher  steam  pressures,  the  practic¬ 
able  hmit  of  pressure  with  shell  boilers  such  as  the  Lancashire  type  has  long  since 
been  exceeded,  and  for  pressures  above  180  to  200  lbs.  the  use  of  a  water  tube 
boiler  is  essential.  A  number  of  boilers  of  this  type  are  now  in  use  at  a  working- 
pressure  of  350  lbs.  per  sq.  in.,  higher  pressures  are  occasionally  asked  for,  while 
a  pressure  of  250  lbs.  is  now  common  practice. 

AVith  increasing  steam  pressures  there  has  also  been  a  constant  increase  in  the 
evaporative  capacity  of  boilers.  Only  a  very  few  years  since  a  boiler  ha-ving  an 
evaporative  capacity  of  20,000  lbs.  per  hour  was  regarded  as  a  very  large  unit. 

Boilers  having  a  capacity  of  from  50,000  to  70,000  lbs.  of  water  per  hour  are 
now  in  constant  demand,  and  a  considerable  number  have  been  installed.  At  the 
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Barton  Generating  Station,  of  Manchester  Coi'poration,  boilers  of  each  having  a 
capacity  of  100,000  lbs.  per  hour  have  been  installed. 

Among  the  largest  boiler  units  which  have  been  put  into  service  in  Europe 
are  the  Stirling  boilers  at  Gennevilliers  Generating  Station,  Paris. 

Each  boiler  unit  has  the  following  heating  surface  : 


Square  feet 
of  heatini; 
.snrfacp. 


Boiler 


22,000 

10,704 

12,915 

19,350 


Superheater 
Economiser 
Air  heater 


The  working  pressure  is  355  lbs.  per  sq.  in.,  and  the  final  steam  temperature 
752  degrees  F.  Each  boiler  is  capable  of  evaporating  175,000  lbs.  of  water  per 
hour,  an  equivalent  evaporation  to,  say,  25  to  30  ft.  by  8  ft.  Lancashire  boilers. 

In  the  United  States  single  boiler  units  are  in  use,  each  giving  an  evaporation 
of  225,000  lbs.  of  water  per  hour,  while  at  present  boilers  are  being  made  having  an 
evaporative  capacity  of  up  to  400,000  lbs.  of  water  per  hour. 

For  rapidity  in  steam  generation  the  water  tube  boiler  is  unique,  by  reason 
of  the  more  rapid  water  circulation,  the  increased  freedom  for  expansion  and  con¬ 
traction — due  to  temperature  changes — rendered  ])ossible  by  the  construction  of 
the  boiler,  and  the  comparatively  small  dead  weight  of  water  contained  in  the 
boiler. 

The  larger  grate  area,  and  the  considerable  increase  in  the  combustion  space, 
which  may  be  provided  by  setting  the  boiler  sufficiently  high,  are  factors  of  great 
importance,  not  only  in  enabling  a  very  wide  range  of  fuels  to  be  utilised,  but  in 
ensuring  the  most  efficient  combustion  conditions. 

While  the  small  water  capacity  of  this  type  of  boiler  presents  conditions  suitable 
for  rapid  steam  generation,  the  small  reserve  of  water  and  steam  renders  the  use 
of  a  boiler  of  this  type  undesirable  in  some  industries,  owing  to  the  peculiar  nature 
of  the  load  and  the  great  fluctuations  in  the  demand  for  steam. 

There  is  a  further  point :  with  but  a  limited  water  capacity  any  interruption 
in  the  boiler  feed  involves  a  serious  reduction  in  the  water  level,  and  a  complete 
stoppage  of  the  feed  must  quickly  result  in  the  emptying  of  the  boiler. 

The  use  of  a  pure  feed  water  is  essential  with  water  tube  boilers,  and  any 
neglect  in  this  direction  not  only  affects  the  efficiency  of  the  boiler,  but  to  a  very 
large  extent  determines  the  cost  of  its  upkeep  and  maintenance. 

The  need  for  skilled  and  careful  attention  is  of  much  more  importance  than  is 
the  case  with  a  Lancashire  boiler,  and  it  is  useless  to  ignore  this  factor. 

General  Conclusions. — Reference  has  already  been  made  to  the  limitations  of 
the  vertical  type  of  boiler  for  the  utilisation  of  low  grade  fuels.  To  a  greater  or 
lesser  extent  these  limitations  apply  to  every  other  type  of  internally  fired  boiler. 

It  must  be  admitted  that  a  considerable  number  of  Lancashire  and  Cornish 
boilers  are  being  fired  with  a.  variety  of  low  grade  fuels,  but  there  is  no  doubt  that 
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the  evaporative  duty  and  efficiency  obtained  are  low,  while  in  connection  with  the 
larger  installations  the  labour  involved  is  too  often  excessive. 

To  a  large  extent  the  results  obtained  in  the  burning  of  low  grade  fuels  in 
internally  fired  boilers  have  been  disappointing  to  steam  users,  and  in  many  hundreds 
of  cases  the  use  of  low  grade  fuel  has  been  abandoned  in  spite  of  the  apparent 
advantage  of  a  relatively  low  price  per  ton. 

Hitherto  the  experience  in  the  use  of  low  grade  fuels  for  steam  generation  has 
been  mainly  confined  to  internally  fired  boilers,  which  are  not  suitable  for  firing 
with  such  fuels,  if  the  full  rated  evaporative  output  is  desired. 

In  the  average  case  the  steam  user  requires  the  full  rated  evaporative  duty, 
or  an  output  approximating  very  closely  thereto,  and  experience  has  conclusively 
shown  that  whether  boilers  arc  machine  fired  or  hand  fired  the  requirements  cannot 
be  met  without  continuous  forcing,  and  a  certain  sacrifice  in  thermal  efficiency,  to 
say  nothing  of  excessive  wear  and  tear  and  high  labour  cost. 

In  such  circumstances  it  will  be  apparent  that  an  initial  advantage  of  several 
shillings  per  ton  in  the  cost  of  fuel  per  ton  may  in  the  final  result  prove  to  be  of  no 
commercial  benefit  whatever. 

To  take  a  typical  case.  With  one  Lancashire  boiler,  30  ft.  long  x  8  ft.  diameter, 
Welsh  steam  coal  was  being  burned  costing  40s.  per  ton  delivered,  the  ash  content 
being  7  per  cent.  The  rate  of  combustion  averaged  23  lbs.  per  square  foot  of  grate 
per  hour  (grate  area  38  sq.  ft.),  the  evaporation  being  at  the  rate  of  7500  lbs. 
per  hour. 

Instead  of  Welsh  steam  coal,  it  was  decided  to  burn  a  fine  Leicestershire  slack 
costing  28s.  per  ton  delivered,  with  an  average  ash  content  of  21  per  cent.,  and  a 
moisture  content  averaging  6  per  cent.  Having  in  mind  that  grates  6  ft.  long  were 
previously  used,  it  was  imdesirable  to  increase  the  grate  area,  with  the  result  that 
the  evaporation  was  reduced  to  5700  lbs.  per  hour,  when  burning  at  the  rate  of 
30  lbs.  per  sq.  ft.  of  grate  per  hour. 

Even  had  it  been  possible  to  burn  upwards  of  39  lbs.  of  fixel  per  square  foot 
of  grate  per  hour  continuously,  and  thus  obtain  the  desired  evaporative  output, 
the  comparative  financial  results  would  not  have  encouraged  the  continued  use  of 
the  low  grade  and  cheaper  fuel,  inasmuch  as  the  extra  fuel  cost  alone  would  have 
been  at  least  2s.  lOd.  per  hour. 

It  is  scarcely  necessary  to  observe  that  burning  fuel  at  the  rate  of  upwards  of 
39  lbs.  per  square  foot  of  grate  per  hoirr  involves  inefficient  operation,  while  to 
expect  a  fireman  to  handle  1500  lbs.  of  fuel  per  hom,  as  also  360  lbs.  of  incom¬ 
bustible,  instead  of  874  lbs.  of  coal  and  61  lbs.  of  ash,  and  to  be  enthusiastic,  is,  to 
say  the  least  of  it,  to  expect  rather  too  much  from  human  nature. 

This  typical  case  clearly  illustrates  why  there  has  been  and  still  is  a  disposition 
to  avoid  the  use  of  low  grade  fuels  ;  it  further  serves  to  show  not  that  an  internally 
fired  boiler  is  unsuitable  for  burning  a  low  grade  fuel,  but  that  impossible  resrxlts 
are  expected  by  the  steam  user,  and  promised  by  the  vendor  of  firing  equipment. 

In  the  case  discussed,  had  the  evaporative  outpxit  required  been  4000  lbs.  per 
hour, — in  other  words,  had  the  boiler  been  amply  large  for  the  evaporative  duty 
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demanded, — it  would  have  been  possible  to  have  obtained  the  recpiired  eva{)oration 
with  a  reduced  grate  area,  a  higher  efficiency,  and  a  consumption  of  b  cwts.  of 
fine  slack  per  hour  at  a  cost  of  7s.,  as  compared  with  4  cwts.  of  Welsh  coal  at  a 
cost  of  8s. 

Low  grade  fuel  has  almost  invariably  been  regarded  as  useless,  because 
unreasonable  results  have  been  anticipated  imder  impossible  conditions. 

It  cannot  be  too  strongly  emphasised  that  if  it  is  desired  to  use  low  grade  fuel 
with  an  internally  fired  boiler,  it  is  essential  that  the  boiler  should  be  amply  large, 
and  the  evaporative  duty  demanded  should  be  from  30  to  50  ])er  cent,  less  than 
the  rated  capacity. 

Internally  fired  boilers  of  the  fire  tube  type — i.e.  dry  back  or  locomotive  tv])e 
boilers,  as  also  externally  fired  boilers  of  the  multitubular  type  -  are  less  satisfactory 
than  Lancashire  and  Cornish  boilers  for  firing  with  low  grade  fuels,  owing  to  the 
rapid  and  constant  accumulation  of  dust  and  fine  fuel  in  the  fire  or  smoke  tubes, 
with  an  increasing  loss  of  heating  surface ;  and  as  the  result  of  reduced  area,  a 
certainty  of  back  draught. 

Yorkshire  boilers  offer  no  practical  advantage  over  boilers  of  the  Lancashire 
type  for  the  utihsation  of  low  grade  fuels,  inasmuch  as  the  furnace  and  combustion 
conditions  are  practically  identical. 

There  is  but  little  doubt  that  for  all  internally  fired  boilers  the  most  suitable 
fuels  from  the  point  of  view  of  thermal  efficiency  are  those  having  a  volatile 
content  of  from  5  to  20  per  cent.  Owing  to  their  low  volatile  content  both  coke 
and  coke  breeze  might  be  advantageously  used  for  internally  fired  boilers  to  a  far 
greater  extent. 

High  volatile  fuels  are  wasted  to  an  extent  which  is  not  generally  realised  when 
burned  under  the  unfavourable  conditions  presented  in  the  furnace  of  an  internally 
fired  boiler,  owing  to  the  difficulty  of  ensuring  complete  ignition  and  utilisation 
of  the  large  volume  of  volatile  gases  as  distilled. 

Given  a  suitable  boiler,  its  efficiency  in  the  use  of  low  grade  fuels  will  depend 
to  a  very  large  extent  upon  the  efficiency  of  the  firing  equipment  provided,  as  also 
its  operation  and  control.  From  every  standpoint  the  water  tube  boiler  would 
appear  to  be  the  most  suitable  boiler  for  the  utilisation  of  low  grade  fuels.  It 
possesses  an  adaptability  such  as  does  not  obtain  with  any  other  type  of  steam 
generator. 

For  instance,  the  design  lends  itself  to  oil  or  gaseous  firing,  or  for  the  efficient 
utilisation  of  wood  waste,  sawdust,  timber  or  bagasse  in  specially  designed  furnaces. 
If  provided  with  mechanical  stokers  with  adequate  grate  area,  coke  breeze  may 
be  burned,  or  a  wide  range  of  low  grade  or  high  moisture  fuels,  while  obtaining  the 
full  rated  evaporative  output  from  the  boiler,  and,  if  so  desired,  a  reasonable 
overload. 

Taking  the  other  extreme  in  fuel.  A  water  tube  boiler  set  sufficiently  high, 
and  providing  adequate  combustion  space,  will  give  a  higher  thermal  efficiencv 
with  a  rich  high  volatile  coal  than  can  be  obtained  with  any  other  type  of  boiler. 

For  firing  with  pulverised  fuel,  whether  high  in  ash  or  low  in  volatile  content, 
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or  vice  versa,  there  is  no  other  type  of  boiler  which  can  be  used  with  an  equal  degree 
of  efficiency  or  satisfaction.  Having  in  mind  that  pulverised  fuel  firing  is  certain 
to  be  very  widely  adopted  within  the  next  few  years,  and  that  the  use  of  fuel  in  this 
form  will  give  an  immense  impetus  to  the  utilisation  of  very  small  fuels,  which  are 
at  present  to  a  large  extent  wasted,  this  is  a  point  of  considerable  importance. 

For  the  efficient  utilisation  of  waste  heat,  whether  in  the  form  of  blast  furnace 
gases  having  a  calorific  value  of  100  B.T.U.’s  per  cubic  foot,  coke  oven  gas  having 
a  calorific  value  of  500  B.T.U.’s,  or  gases  from  a  refuse  destructor,  this  type  of 
boiler  is  generally  conceded  to  be  superior  to  all  other  types. 

This  adaptability  of  the  water  tube  boiler  is  possible  because  the  boiler  is 
externally  fired,  and  also  because  it  may  be  so  set  as  to  provide  a  sufficiency  of  cubic 
area  between  the  grate  level,  or  the  firing  floor,  and  the  tubes,  to  meet  the  require¬ 
ments  of  any  fuel  or  any  system  of  firing. 

Similarly  in  regard  to  grate  area,  while  from  6  ft.  to  7  ft.  would  of  necessity  be 
the  limit  in  length  for  hand  firing  with  any  type  of  boiler,  a  chain  grate  or  travelling 
grate  mechanical  stoker  may  be  installed,  providing  a  furnace  length  of  from 
14  to  16  ft.,  thus  making  it  possible  by  considerably  increasing  the  grate  area  to 
mechanically  fire  and  utilise  low  grade  fuels  such  as  could  not  otherwise  be  utilised, 
as  also  to  obtain  therefrom  an  evaporative  output  such  as  would  be  quite  impossible 
under  hand  fired  conditions. 

A  further  important  point  in  the  burning  of  solid  fuels  with  boilers  of  every 
type  is  the  disposal  of  the  ash  or  incombustible.  When  low  grade  fuels  are  used 
the  percentage  and  total  weight  of  incombustible  residual  which  has  to  be  handled 
often  presents  a  very  serious  problem. 

With  internally  fired  boilers  fired  by  hand,  the  cleaning  of  the  fires  and  the 
removal  of  the  ash  is  laborious  and  expensive.  If  the  boilers  are  machine  fired,  the 
incombustible  is  by  the  reciprocating  motion  of  the  firebars  automatically  carried 
over  the  rear  of  the  grate  to  the  ash  chamber.  As  the  storage  capacity  of  this 
chamber  is  necessarily  very  limited,  if  the  fuel  is  very  dirty  this  deposit  has  frequently 
to  be  raked  through  the  ashpits  for  removal. 

With  machine  fired  water  tube  boilers  the  removal  of  incombustible  is  much 
simplified,  and  may  be  both  continuous  and  automatic.  By  providing  ash  hoppers, 
and  an  underground  ash  timnel,  the  incombustible  passing  over  the  dumping  bars 
at  the  rear  of  the  grate  enters  the  ash  hopper,  which  in  turn  delivers  it  either  on  to 
or  into  an  ash  conveyor,  or  alternatively  into  trucks  ready  for  removal. 

Considered  from  every  point  of  view  it  must  be  conceded  that  the  externally 
fired  boiler  embodies  facilities  for  the  utilisation  of  a  very  wide  range  of  fuels, 
both  high  grade  and  low  grade,  and  solid  and  gaseous.  It  may  be  regarded  as 
unfortimate  that  no  other  type  of  boiler  offers  equivalent  advantages,  but,  as 
will  have  been  observed,  the  determining  factors  are,  and  must  be,  grate  surface 
and  combustion  area. 

Important  as  these  factors  are  under  all  conditions  and  with  every  class  of  fuel, 
in  the  efficient  utilisation  of  low  grade  fuels  they  are  of  paramount  importance, 
and  as  such  cannot  be  disregarded. 
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Internally  fired  boilers  provide  both  a  very  restricted  combustion  space  which 
cannot  be  increased,  and  for  all  practical  purposes  a  fixed  grate  area  ;  the  width  is 
constant,  and  the  length  can  only  be  varied  within  very  narrow  limits. 

At  present  there  is  no  sign  that  internally  fired  boilers  will  be  rapidly  superseded 
by  water  tube  boilers  for  general  industrial  use,  but  there  are  distinct  signs  that 
at  collieries,  and  at  the  larger  works  adjacent  to  coal  fields,  machine  fired  water  tube 
boilers  will  gradually  displace  boilers  of  the  Lancashire  type,  enabling  low  grade 
and  cheaper  fuels  to  be  efficiently  utilised  in  increasing  quantities,  at  or  near  to  the 
point  of  production,  with  a  considerable  reduction  in  both  fuel  and  labour  cost 


p 


CHAPTEK  XII 


FURNACES  AND  FIRING 

Given  the  most  suitable  type  of  steam  generator,  tbe  efficient  utilisation  of  low 
grade  or  waste  fuels  will  to  a  very  large  extent  be  determined  by  tbe  furnace 
ecpiipment  provided,  as  also  its  operation  and  control.  Tbe  term  furnace  equip¬ 
ment  is  used  in  its  broadest  appbcation,  and  is  intended  to  cover  every  system  or 
method  of  burning  sobd  fuel  on  grates. 

AUien  discussing  tbe  utibsation  of  various  fuels,  and  also  tbe  comparative 
suitability  and  efficiency  of  steam  boilers  of  various  types,  in  pre\dous  chapters, 
it  has  been  necessary  to  refer  to  methods  of  firing,  inasmuch  as  tbe  practical  value 
of  any  fuel  is  determined  by  tbe  means  employed  for  its  use. 

The  problems  presented  in  efficient  firing  are  deemed  to  be  of  sufficient  im¬ 
portance  to  warrant  discussion  in  a  separate  chapter.  For  this  reason  it  was  decided 
to  devote  this  chapter  to  tbe  consideration  of  furnaces  and  firing. 

Machine  Firing. — Eatber  more  than  a  century  has  passed  since  the  first 
mechanical  stokers,  tben_termed  “  Fire  Regulators,”  were  put  into  successful  opera¬ 
tion  in  this  country,  both  in  London  and  Birnungham. 

Even  the  strongest  advocate  of  machine  firing  vdll  scarcely  contend  that  with 
a  liistory  of  one  hundred  years  behind  it,  the  mechanical  stoker  of  to-day,  more 
particularly  as  apphed  to  internally  fired  boilers,  is  a  perfect  apparatus,  or  that 
it  adequately  meets  all  conditions  and  requirements. 

It  is  true  that  mainly  with  a  view  to  preventing  or  nunimising  the  emission 
of  black  smoke,  improving  firing  conditions,  and  also  saving  labour,  mechanical 
stokers  have  been  very  extensively  adopted,  but  it  is  equally  true  that  many 
hundreds  have  been  dismantled  in  favour  of  hand  firing. 

Theoretically  machine  firing  should  show  a  distinct  improvement  over  hand 
firing  in  every  respect ;  actually  this  has  not  been  the  case  in  a  very  large  number 
of  installations.  Generally  spealdng,  in  any  boiler  house  where  more  than  two 
boilers  are  in  use  together,  there  is,  or  should  be,  a  definite  sa\dng  in  labour  cost, 
but  against  this  has  to  be  set  the  disadvantages  of  machine  firing,  which  may  be 
briefly  summarised  as  follows  : — 

(1)  That  some  mechanical  stokers  both  of  the  coking  and  sprinkling  types 

do  not  cover  the  grate  vdth  fuel  and  keej)  it  covered. 

(2)  That  with  most  makes  of  mechanical  stokers  it  is  imperative  to  select 

suitable  fuel,  they  will  not  efficiently  burn  a  wide  range  of  fuels,  and 
particularly  low  grade  fuels,  without  a  considerable  sacrifice  in  evaporative 
output. 
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(3)  That  as  a  general  rule  the  cost  of  iipkeep  and  maintenance  is  much  too 

high. 

(4)  That  in  the  event  of  a  breakdown  if  is  usually  impossible  to  resort  to  hand 

firing,  with  any  degree  of  satisfaction. 

These  are  points  of  importance  which  it  is  useless  to  belittle  ;  they  are,  moreover, 
points  which  in  the  evolution  and  development  of  the  mechanical  stoker  have 
not  even  yet  received  that  close  attention  which  they  not  only  merit,  but  demand. 
To  discuss  the  above  points  seriatim. 

(1)  Failure  to  cover  the  grate  evenly  with  fuel,  and  to  keep  it  covered,  involves 
the  passage  of  excess  air  through  the  grate,  and  is  a  direct  and  grievous  cause  of 
inefficiency  and  loss. 

It  must  be  conceded  that  with  coking  fuels  there  is  a  tendency  for  the  fuel 
to  “  mass  ”  at  the  front,  and  move  forward  more  or  less  in  brdk.  The  nature  of 
the  fuel  may  be  blamed  for  this  disadvantage,  but  at  the  same  time  it  may  be 
assumed  that  the  coking  stoker  is,  or  should  be,  designed  for  the  use  of  coking  fuels, 
and  that  such  fuels  should  adequately  cover  the  grate. 

The  defect  in  question  is  not  pecuhar  to  coking  stokers  or  coking  fuels.  With 
some  mechanical  stokers  of  the  sprinkler  type  the  distribution  of  the  fuel  is  such 
as  to  leave  bare  or  thinly  covered  portions  of  the  grate  immediately  inside  the 
fire  doors  on  both  sides  ;  further,  there  is  a  tendency  not  to  adequately  cover  the 
grate  at  the  sides  throughout  its  length. 

There  is  no  doubt  that  a  skilled  fireman  can  cover  a  grate  of  reasonable  length 
and  keep  it  covered  more  evenly  and  thoroughly  than  is  possible  with  machine 
firing.  It  is  true  that  in  this  respect  some  mechanical  stokers  are  more  satisfactory 
than  others,  but  in  the  opinion  of  the  author  even  the  most  satisfactory  feeding 
mechanism  falls  short  of  the  results  which  can  be  obtained  in  the  intelligent 
“  placing  ”  of  the  fuel  by  a  skilful  fireman. 

Automatic  feeding  mechanism  requires  intelligent  adjustment  or  regulation 
in  order  to  secure  satisfactory  results,  and  unfortunately  machine  fired  apparatus 
very  frequently  does  not  receive  that  attention  which  it  demands. 

(2)  There  has  been  much  disappointment  among  those  who  have  adopted 
mechanical  stokers  owing  to  the  hmited  range  of  fuels  wliich  can  be  efficiently  used. 
It  has  been  found  that  there  is  not  the  same  elasticity  as  with  hand  firing  ;  in  shoit, 
instead  of  the  mechanical  stoker  being  suitable  for  efficiently  burning  a  reasonably 
vdde  range  of  fuels,  too  often  experience  has  shown  that  the  fuel  must  be  selected 
to  suit  the  firing  equipment. 

In  the  best  interests  of  the  steam  user  it  is  not  desirable  that  he  should  be  in 
any  way  tied  to  the  use  of  a  particular  fuel,  obviously  he  is  placed  in  a  much  more 
satisfactory  position  if  able  to  change  the  source  of  supply  without  delay  or 
inconvenience. 

Low  grade  fuels  with  a  high  ash  content  present  difficulties  when  burned 
with  mechanical  stokers  in  internally  fired  boilers.  Wliile  all  moving  parts  are 
not  exposed  to  such  trying  conditions  as  when  surrounded  with  incandescent  walls, 
as  in  the  case  of  water  tube  boilers,  the  combustion  space  is  restricted,  and  under 
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such  conditions  given  a  dirty  fuel  of  low  calorific  value  the  rate  of  combustion  must 
of  necessity  be  high  in  order  to  obtain  the  required  evaporative  output. 

The  effect  of  this  is  to  reduce  the  thermal  efficiency,  and  to  carry  over  into  the 
flues  an  excessive  quantity  of  ash  and  fine  fuel,  both  partially  consumed  and  to  a 
large  extent  unaffected  by  the  Are.  The  necessarily  hmited  space  behind  the  grate 
for  the  reception  of  clinker  and  ash  also  presents  a  difficulty  and  must  be  frequently 
cleaned,  which  involves  raking  the  contents  of  this  chamber  and  the  ashpit  to  the 
front  for  removal. 

The  author  is  of  opinion  that  the  best  all-round  results  with  mechanical  stokers 
apphed  to  boilers  of  the  internally  fired  type  can  be  obtained  with  fuels  having  a 
volatile  content  of  from  10  to  20  per  cent,  and  an  ash  content  not  exceeding 
10  per  cent.  \Vhile  this  narrows  the  range  of  fuels  wffiich  can  be  thus  utihsed, 
its  general  recognition  would  tend  to  bring  about  a  marked  and  widespread 
improvement  in  the  efficiency  of  operation. 

It  would  obviously  be  foohsh  to  blame  mechanical  stokers  for  the  unfavourable 
combustion  conditions  under  w^hich  they  are  required  to  operate.  That  these 
conditions  wdth  internally  fired  boilers  are  unfavourable  is  not  a  matter  of  opinion, 
but  a  matter  of  fact.  This  being  so,  in  their  own  interests,  as  also  the  interests 
of  the  steam  user,  it  Avould  surely  be  preferable  for  the  makers  to  recommend  a 
range  of  suitable  fuels,  rather  than  claim  to  burn  with  efficiency  any  fuel  of  suitable 
size  from  a  very  low  grade  and  dirty  slack,  to  rich  high  volatile  washed  nuts. 

(3)  This  may  best  be  discussed  in  conjrmction  with  No.  4. 

There  can  be  no  question  that  the  cost  of  upkeep  and  maintenance  has  been 
far  too  heavy.  To  some  extent  this  has  been  due  to  the  fact  that  careful  periodical 
inspection  has  unfortunately  not  been  the  common  practice.  Repairs  which 
at  an  early  stage  would  not  be  troublesome  or  expensive  have  been  and  are 
neglected  until  they  become  compulsory  and  costly. 

,  Given  careful  and  systematic  inspection  and  attention,  wdth  replacement  at 
the  proper  time,  there  is  no  doubt  that  the  cost  of  maintenance  may  be  considerably 
reduced.  It  is  not  the  actual  cost  of  replace  parts  alone  which  has  given  cause 
for  disappointment  and  dissatisfaction,  but  the  cost  of  labour  for  week-end  work, 
or  the  contingent  cost  of  a  stoppage  or  partial  stoppage,  due  to  a  breakdown,  and 
also  the  fact  that  reasonably  satisfactory  hand  firing  as  a  temporary  expedient 
has  been  found  to  be  impossible. 

In  the  desire  to  encourage  the  adoption  of  machine  firing  there  has  been  a 
disposition  upon  the  paid  of  mechanical  stoker  makers  to  disregard  or  behttle  the 
importance  of  skilled  attention.  Despite  all  that  may  be  said  to  the  contrary 
by  those  who  are  interested,  macliine  firing  demands  either  skilled  attention  or 
alternatively  close,  regular,  and  systematic  supervision,  in  order  to  obtain  the  best 
results,  and  the  minimum  cost  of  maintenance.  To  ignore  this  is  to  court  trouble, 
expense,  unreliability,  and  inefficiency. 

It  is  still  claimed  that  it  is  w^orth  w^hile  to  instal  mechanical  stokers  in  con¬ 
nection  wdth  a  single  Lancashire  boiler,  but  unless  under  specially  favourable  and 
unusual  conditions  it  is  difficult  to  reahse  wffierein  the  advantage  hes. 
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Ill  actual  labour  cost  little  or  nothino;  can  be  saved.  A  capital  expenditure 
of  from  £150  to  £200  or  more  is  involved,  with  possibly  an  annual  maintenance 
cost  of  from  15  to  20  per  cent,  of  the  capital  cost. 

With  three  or  more  boilers  in  use  there  should  be  a  clear  advantage  in  labour 
cost,  pai-ticularly  if  coal  and  ash  handhng  plant  are  installed.  When  such  an  in¬ 
stallation  is  operated  for  three  shifts  daily,  the  saving  in  labour  cost  should  be 
considerable. 

Apart  from  this  aspect,  there  is  no  doubt  that  machine  firing  and  mechanical 
coal  and  ash  handling,  materially  improves  the  boiler  house  conditions.  This  is 
a  factor  of  some  importance  and  one  which  will  have  to  be  faced.  The  working- 
conditions  in  many  boiler  houses  are  deplorable,  and  cannot  be  calculated  to 
encourage  the  best  interest  or  effort. 

Although  it  has  been  claimed  that  machine  firing  is  well  adapted  or  all  con¬ 
ditions  of  load,  and  that  a  fluctuating  load  does  not  present  any  difficulty,  this  is 
not  strictly  correct. 

Mechanical  stokers  operating  in  conjunction  with  self-contained  forced  draught, 
or  induced  draught,  must  of  necessity  be  much  more  flexible  than  stokers  dependent 
entirely  upon  chimney  or  natural  draught,  but  the  most  efficient  performance 
of  machine  fired  furnaces  is  invariably  obtained  under  conditions  where  the  demand 
for  steam  is  steady. 

It  should  be  distinctly  understood  that  the  foregoing  observations  are  concerned 
with  mechanical  stokers  as  applied  to  internally  fired  boilers,  and  mainly  to  those 
of  the  Lancashire  type. 

Haxdng  in  mind  the  comparative  numbers  of  water  tube  boilers  and  internally 
fired  boilers  in  use,  mechanical  stokers  have  been  much  more  extensively  adopted 
■with  the  former  type  of  boiler  than  the  latter. 

Although  Lancashire  boilers  have  been  made  in  Great  Britain  for  nearly  eighty 
years  past,  extraordinary  as  it  may  seem,  the  various  makers  have  never  devoted 
close  attention  to  its  efficient  firing  equipment,  either  by  hand  or  machine.  On 
the  contrary,  in  the  development  of  the  water  tube  boiler,  by  the  best  known 
makers,  very  close  attention  has  constantly  been  given  to  the  problems  of  firing, 
and  to  the  most  efficient  use  of  every  class  and  grade  of  fuel. 

It  is  mainly  due  to  this  reason  that  the  machine  firing  of  water  tube  boilers 
is  a  record  of  steady  progress,  although  it  must  be  admitted  that  for  boilers  of  this 
type  machine  firing  was  and  is  essential,  not  only  in  order  to  smokelessly  burn  a 
wide  range  of  fuels,  but  also  because  of  the  gradual  increase  in  the  size  and  capacity 
of  the  boilers,  and  accordingly  the  large  quantity  of  coal  which  has  to  be  burned 
in  a  single  unit. 

In  so  far  as  Lancashire  boilers  are  concerned  the  design,  manufacture,  and 
exploitation,  both  of  mechanical  stokers  and  efficient  hand  fired  furnaces,  has  been 
left  to  firms  who  have  specialised  in  this  work.  This,  to  some  extent,  may  be 
regarded  as  a  reproach  upon  boiler  makers,  but  it  can  scarcely  be  disputed.  It  is 
to  be  regretted  that  those  who  have  been  responsible  for  the  design  and  manu¬ 
facture  of  boilers  of  such  a  popular  and  very  extensively  used  type,  have,  to  a  very 


230  UTILISATION  OF  LOW  GRADE  AND  WASTE  FUELS 


considerable  extent,  never  concerned  themselves  with  the  vital  question  of  its 
economic  and  efficient  firing  equipment. 

Only  to  a  hmited  extent  has  this  been  the  case  in  connection  vfith  water  tube 
boilers,  but  it  is  only  fair  to  add  that  by  far  the  most  widely  used  apparatus  is 
the  Babcock  &  Wilcox  chain  grate  mechanical  stoker. 


Fig.  112. — An  Early  Type  op  Mechanical  Stoker  por  firing  Large  Coal. 


The  first  mechanical  stoker  of  the  chain  grate  type  was  patented  by  Mr  John 
Juckes  in  1841,  of  wliich  it  is  recorded  that  it  was  completely  successful  in  the 
prevention  of  smoke,  while  also  showing  a  substantial  improvement  in  fuel  efficiency 
over  hand  firing.  Twenty-five  years  since  the  author  saw  some  Juckes  stokers 
in  operation  under  Lancashire  boilers  in  Glasgow. 
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The  niechamcal  stokers  now  in  nse  may  ])e  broadly  divided  into  two  distinct 
groups  or  classes,  viz.  coking  stokers  and  sprinkling  stokers,  the  former  t^'pe 
embodying,  as  its  name  implies,  the  coking  j)rinci])le,  and  the  latter  type  the 
mechanical  sprinkling  or  spreading  of  the  fnel  over  the  grate. 

In  Fig.  112  is  shown  a  simple  type  of  mechanical  stoker  for  the  firing  of  him]) 
coal,  which  was  used  in  Scotland  some  thirty  years  since.  It  is  believed  that  this 
is  the  only  mechanical  stoker  which  has  ever  been  used  for  firing  large  coal.  AVhile 
no  records  are  available  as  to  its  performance  it  may  be  assumed  that  the  only 
advantage  realised  would  be  in  the  elimination  of  hand  firing,  as  it  would  obviously 
be  impossible  to  keep  the  grate  adequately  covered,  and  to  prevent  a  very  con¬ 
siderable  excess  of  air  passing  through  the  grate. 

Among  the  earliest,  and  still  one  of  the  most  successful  stokers  of  the  coking 
type,  is  the  well-known  Vicar’s  mechanical  stoker,  which  was  orignially  patented 
in  1867.  One  distinctive  feature  of  this  mechanical  stoker  is  the  use  of  unusually 
short  grates. 

Other  well-known  mechanical  stokers  of  the  coking  type  are  the  Bennis, 
Hodgkinson,  and  Meldrum,  and  of  the  sprinkling  type  the  Bennis,  Proctor, 
Triumph,  and  Meldrum.  These  are  the  makes  of  mechanical  stokers  which  are 
now  mainly  used  with  Lancashire  and  internally  fired  boilers.  Stokers  of  these 
makes  and  types  are  no  longer  used  to  any  extent  with  water  tube  boilers. 

In  so  far  as  mechanical  stokers  of  the  coking  type  are  concerned  the  principal 
points  of  difference  between  the  various  makes  referred  to  are  in  the  details  of  the 
coal  feed  and  in  the  design  and  type  of  grate  used.  Further,  some  stokers  are 
operated  under  natural  or  chimney  draught  only,  others  embody  self-contained 
forced  draught,  which  is  usually  provided  by  means  of  steam  jet  blowers. 

Similarly  with  mechanical  stokers  of  the  sprinkling  type,  the  essential  and 
important  points  of  difference  are  precisely  the  same,  mainly  affecting  the  coal 
feeding  mechanism,  the  design  and  arrangement  of  the  grate,  and  also  the  air  supply. 

The  Bennis  Coking  Stoker. — The  Bennis  coking  stoker,  illustrated  in  Fig.  113, 
comprises  a  coal  feeding  machine,  furnished  with  hoppers  (a)  into  which  the  fuel 
is  fed.  Duplicate  feed  boxes  (b)  are  placed  beneath  the  hoppers  and  over  the  fire 
doors  (c).  The  feed  boxes  are  provided  with  adjustable  reciprocating  rams  (d), 
which  supply  the  coal  to  the  furnace  alternatively  and  intermittently,  the  fuel  being 
temporarily  carried  on  supplementary  coking  bars  (e)  on  its  way  to  the  main  com¬ 
pressed  air  furnace  bars,  each  with  its  independent  air  sup])ly.  Between  the  feed 
boxes  (b)  is  a  sight  hole,  through  which  the  condition  of  the  fire  can  be  observed. 

The  feed  rams  are  reciprocated  by  means  of  levers  depending  from  a  rocking 
shaft  (J)  operated  from  the  gear  feed  box.  The  length  of  the  rotary  movement 
imparted  to  the  rocking  shaft  is  regulated  by  means  of  a  large  hand  nut  next  to 
the  gear  box.  This  regulation  of  the  length  of  the  stroke  of  the  rocking  shaft 
regulates  the  length  of  stroke  of  all  the  rams  operated  from  this  shaft. 

In  addition  to  this  regulation  a  fine  screw  operated  by  a  hand  nut  in  a  convenient 
position  is  provided  to  each  reciprocating  ram  (d),  so  that  small  differences  in  the 
burning  capacity  of  any  part  of  the  furnace  due  to  variations  of  draught  may  be 
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Fig.  113. — The  Bennis  CoiaNO  Stoker  and  Compressed’  Air  Furnace,  application  to  a  Lancashire  Boiler. 
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met.  The  coal  feed  is  thus  adjustable  and  controllable.  Ileneatli  the  feed  l)oxe.s 
fire  doors  (c)  are  provided,  so  designed  that  air  circulation  takes  place  through  tliein 
under  pressure. 

The  burning  capacity  of  a  coking  stoker  grate  is  determined  and  limited  l)y 
the  speed  at  which  the  fuel  ignites  as  it  leaves  the  feed  boxes.  If  large  burning 
capacity  is  desired  means  must  be  provided  for  increasing  or  speeding  up  the 
ignition  capacity,  beyond  that  which  normally  occurs  when  fresh  coal  is  introduced 
in  front  of  a  bright  and  active  fire. 

In  this  respect  the  Bennis  stoker  is  very  satisfactory ;  below  the  fire  doors  (c) 
a  series  of  stationary  coking  bars  are  provided,  having  air  spaces  along  their  upper 
surfaces,  and  also  at  the  ends.  Air  under  pressure  is  forced  through  these  bars, 
being  picked  up  from  the  hollow  grate  by  means  of  a  dipper  (/)  carried  by  the  hollow 
furnace  bars. 

A  higher  air  pressure  is  needed  here  than  in  the  furnace  or  grate  bars,  because 
at  this  point  the  body  of  fuel  is  thickest. 

The  air  passes  through  the  air  spaces  in  the  coking  bars  (e)  into  the  mass  of 
coking  fuel,  and  assisted  by  the  circulation  of  air  from  above,  considerably  expedites 
the  ignition. 

It  will  be  observed  that  the  level  of  the  coking  bars  is  several  inches  above 
the  grate  level ;  the  object  of  this  is  to  partially  break  up  the  coked  fuel  so  that  it 
may  travel  forward  in  a  more  open  condition.  This  is  a  point  of  some  importance, 
as  with  good  coking  fuels,  with  the  coking  space  and  grate  practically  on  the  same 
level,  there  is  a  constant  tendency  to  carry  forward  masses  of  coked  fuel ;  under 
such  conditions  it  is  extremely  unlikely  that  the  grate  will  be  thoroughly  covered, 
or  that  the  air  will  penetrate  the  mass  of  fuel  evenly. 

Below  the  coking  bars  is  the  furnace  or  grate,  comprising  self-cleaning  compressed 
air  bars.  The  bars  all  move  forward  together  for  a  distance  of  about  2  in.  and  are 
withdrawn  singly  by  means  of  a  4-in.  wide  cam,  on  a  transverse  shaft. 

To  reduce  the  wear  these  cams  are  made  the  full  width  of  the  bars.  The  motion 
of  the  bars  is  so  arranged  that  each  bar  on  its  outward  travel  moves  between  two 
other  bars,  which  are  for  the  time  being  stationary.  In  travelling  from  the  front 
of  the  fire  to  the  back  the  coal  ascends  an  incline  of  about  3  in.  The  clinker  and 
ash  is  slowly  carried  to  the  ends  of  the  bars,  which  are  provided  wdth  a  dirmping 
block  (1)  for  their  preservation,  and  falls  over  into  a  closed  chamber. 

The  grate  is  made  up  of  hollow  firebars  or  troughs,  these  being  covered  by  short 
interlocking  bars  which  can  be  individually  replaced  without  affecting  the  other 
portion  of  the  grate. 

The  driving  gear  for  the  coal  feed  is  distinct  and  separate  from  the  gear  which 
operates  the  grate.  In  both  cases  the  power  is  obtained  by  belt  drive  from  a  line 
shaft,  usually  placed  immediately  over  the  front  of  the  boiler. 

The  feed  gear  comprises  a  pair  of  spur  reduction  gears  contained  in  a  totally 
enclosed  oil  bath  casing,  with  a  belt  pulley  at  the  side.  At  the  inner  or  stoker  side 
of  the  casing  an  eccentric  disc  is  provided  with  rod  and  oscillating  lever  on  to  the 
rocking  shaft,  and  a  reciprocating  motion  of  the  latter  is  thus  obtained.  A  hand 
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Fig.  114. — The  Tkiumpii  Sprinkler  Stoker. 
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adjusting  nut  provided  on  tlie  connecting  rod  enables  tlie  length  of  the  stroke  of 
the  rocking  shaft  to  be  varied  to  feed  any  desired  quantity,  up  to  the  inaxinium 
capacity  of  the  stoker. 

The  drive  for  the  furnaces  is  entirely  independent,  an  enclosed  gear  box 
being  provided,  containing  a  set  of  spur  reduction  gears,  the  slow  speed  shaft  of 
which  is  coupled  direct  to  the  shaft  driving  the  bars.  A  two-speed  belt  ])ullev  is 
provided  so  that  the  speed  can  be  regulated  to  .suit  different  fuels.  X  disengaging 
clutch  in  the  belt  pulley  enables  the  motion  of  the  bars  to  be  entirely  sto])ped.  The 
clutch  is  designed  so  that  it  can  be  thrown  in  or  out  of  gear  with  very  little  effort. 

Air  is  forced  through  the  grate  bars  by  means  of  steam  jets,  the  steam  being 
superheated  by  means  of  a  side  flue  superheater. 

The  Triuni'ph  Sprinkler  Stoker. — The  Triumph  sprinkler  stoker  is  illustrated 
in  Fig.  114.  As  designed  for  the  burning  of  low  grade  fuels  it  embodies  a  forced 
draught  furnace  of  the  steam  jet  blower  type,  the  grate  comprising  trough  bars 
fitted  with  renewable  grids  having  graduated  air  spaces  which  form  the  surface 
of  the  grate. 

The  cams  for  the  reciprocating  movements  of  the  grate  are  so  designed  that 
both  the  backward  and  forward  movement  of  each  firebar  is  provided  by  the 
same  cam. 

These  are  slipped  loosely  on  to  a  square  forged  steel  shaft  and  can  be  easily 
removed  and  replaced. 

The  coal  being  fed  into  the  hoppers  (A)  gravitates  into  a  feed  box  containing 
an  adjustable  pusher  slide  (C),  which  receives  a  rectilinear  reciprocating  movement 
by  means  of  a  crank  worked  at  a  speed  suitably  accelerated  by  a  triple  train  of 
straight  gearing  from  the  upper  shaft  {x). 

At  regular  intervals  this  slide,  which  is  in  the  form  of  a  step  plate  occupying 
the  full  width  of  the  feed  box  coal  feeder,  pushes  forward  a  small  charge  of  coal, 
which  falls  in  front  of  the  V-shaped  renewable  shovel  (D),  which  is  held  by  strong 
forged  steel  arms  on  each  side  of  the  feed  box,  keyed  on  to  an  axle  shaft  with  wide 
bushed  bearings.  On  the  shaft  {x)  is  keyed  a  four- armed  chilled  cam  (F),  the 
projections  of  which  severally  engage  an  hardened  steel  trigger  (G),  keyed  in  the 
centre  of  the  shovel  axle  shaft ;  this  action  raises  the  attached  shovel  arms  to  their 
backward  position,  ready  to  strike.  A  prolongation  of  the  shovel  arm  in  the  form 
of  a  crank  lever  is  connected  to  a  powerful  recoil  spring  (E),  which  is  compressed 
during  the  backward  movement  of  the  arms  given  by  the  cam. 

At  the  moment  of  release  the  spring  drives  the  shovel  smartly  forward,  scattering 
the  charge  of  coal  over  the  surface  of  the  lire  ;  the  shovel  then  returns  to  its  back 
position,  and  the  slide  (C)  again  charges  it  with  a  definite  quantity  of  fuel.  The 
slide  can  be  thrown  out  of  gear  so  that  the  feed  to  either  furnace  may  be  shut  off 
independently,  and  the  traverse  of  the  slide  may  be  regulated  so  as  to  permit  of 
more  or  less  fuel  being  fed  as  required. 

In  order  to  distribute  the  fuel  uniformly  on  the  grate  the  cam  (F)  has  four 
arms  of  unequal  length,  which  successively  compress  the  spring  more  or  less,  and 
accordingly  vary  the  throw  of  the  shovel. 
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Fig.  110. — The  Bennis  .Si’kinki.ek  Stokek. 
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The  stoker  is  driven  from  a  countershaft  in  a  suitable  position  above  the  boiler. 
The  driving-gear  bracket  is  bolted  to  the  extended  furnace  front  plate  (R)  and  is 
fitted  vdth  two  separate  pulleys,  taking  the  belts  from  the  countershaft  and  driving 
respectively  the  feed  motion  and  the  firebar  motion.  The  pulleys  by  means  of 
vertical  screw  gearing  set  in  motion  their  respective  shafts  having  similar  gearing 
at  the  ends,  transmitting  a  slow  rotary  motion  to  the  horizontal  shafts.  By  this 


Fig.  117. — Side  View  of  Theowing  Box.  Benxis  Sprinkler  Stoker. 


arrangement  both  the  feed  motion  and  the  firebar  motion  can  be  used  either 
independently  or  in  conjunction,  and  the  ratio  of  speed  of  either  motion  can  be 
adjusted  to  suit  the  fuel  to  be  used. 

The  Proctor  Spruikler  Stoker. — The  Proctor  sprinkler  stoker  or  the  well-known 
radial  arm  shovel  type  is  illustrated  in  Fig.  115,  which  shows  a  stoker  of  the  standard 
type,  for  use  with  natural  draught  or  induced  draught.  For  the  utilisation  of  low 
grade  or  waste  fuels,  while  induced  draught  is  sometimes  employed,  the  stoker  is 
usually  designed  for  use  in  conjunction  with  the  zenith  forced  draught  furnace 
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made  by  Messrs  W.  Whittaker,  Ltd.,  whicli  arrangement  provides  for  a  self-contained 
forced  draught  equipment. 

The  Bennis  Sprinklmg  Stoker. — The  Bennis  sprinkling  stoker  is  illustrated  in 
Figs.  116  and  117.  From  the  hopper,  which  has  a  capacity  of  about  3  cwts.,  the 
fuel  passes  to  a  cast-iron  feeding-box  underneath,  in  the  interior  of  which  is  a  simple 


Fig.  118. — Battery  of  Lancashire  Boilers  at  a  Birjiingham  Works  eouitped 
WITH  Bennis  Sprinkler  Stokers  and  Compressed  Air  Fi'rn.aces. 

form  of  pusher  plate  with  an  adjustable  reciprocating  motion.  The  fuel  falls  in 
front  of  the  pusher  plate  and  is  pushed  over  a  ledge  formed  by  the  bottom  of  the 
feeding-box. 

The  weight  of  fuel  so  pushed  over  is  regulated  by  means  of  an  adjustable  cam 
on  the  driving  shaft  so  that  the  rate  of  feed  can  be  seen  by  noting  the  position  of 
the  cam.  By  turning  a  hand  nut  the  coal  feed  can  be  graduated  over  a  wide  range. 
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Falling  on  to  a  flat  plate  called  tlie  sliovel  box,  the  fuel  is  projected  into  the 
Are  at  intervals  by  means  of  an  angular  shovel  which  is  so  arranged  as  to  sprinkle 
the  fuel  over  the  entire  width  of  the  grate.  A  side  view  of  the  throwing-box  is 
shown  in  Fig.  117,  with  pneumatic  cylinder,  variable  throwing  cam,  shovel  arm 
connection,  and  renewable  tripper. 

The  shovel  is  actuated  by  means  of  pneumatic  gear,  which  consists  of  a  long 
coiled  spring  enclosed  in  a  cylinder  and  pressing  on  a  piston,  the  function  of  the 


Fig.  119. — The  Self-contained  Impelled  Deaught  Teavelling  Geate  Stoker. 


spring  being  to  propel  the  shovel  forward.  Any  remaining  momentum  is  taken 
up  by  an  air  cushion  to  avoid  shock  or  jar  to  the  boiler  front. 

The  rotating  tappet  which  draws  back  the  shovel  has  four  varying  lifts.  The 
effect  of  this  is  to  scatter  the  fuel  over  the  Are  in  four  zones  of  feed,  each  about 
18  in.  long,  the  object  of  this  is  to  secure  incandescence  between  the  periods  of  feed. 

The  shovel  arm  is  attached  to  a  steel  rocking  shaft  which  rests  in  three  replaceable 
external  bearings.  The  ends  of  the  steel  shaft  are  turned  to  a  sliding  At.  The  shaft 
is  made  with  two  projecting  arms  of  channel  section,  one  down  each  side  of  the  box, 
which  form  the  seatings  to  carry  the  shovel  arm. 
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The  shovel  arm  is  of  rectangular  section  and  is  made  from  fine  open  hearth 
acid  steel,  and  is  bent  round  and  carried  up  both  sides  of  the  box,  the  upper  ends 
being  fitted  into  the  projecting  arms  of  the  shovel  shaft,  where  they  are  secured  by 
means  of  screws  and  locking  pins. 

The  grate  of  this  type  of  stoker  is  identical  with  that  already  de.scribed  in 
connection  with  the  coking  stoker. 

Fig.  118  illustrates  a  large  battery  of  Lancashire  boilers  at  a  Hirmingliam  works, 
equipped  with  Bennis  sprinkling  stokers  and  compressed  air  furnaces. 

The  Selj-Contained  Impeded  Draught  Travelling  Grate  Stoker. — The  self-contained 
impelled  draught  travelling  grate  stoker,  made  by  Tlie  Underfeed  Stoker  Co.,  Ltd., 


Fig.  120. — The  Self-contained  Impelled  Draught  Travelling  Grate  Stoker. 

and  illustrated  in  Figs.  119  and  120,  has  been  extensively  adopted  for  the  firing  of 
water  tube  boilers.  Evaporative  tests  with  stokers  of  this  type  burning  coke  breeze 
are  given  elsewhere. 

The  design  of  this  mechanical  stoker  is  novel,  embodying  in  the  one  unit  the 
stoker,  motor- driven  forced  draught  fans,  and  the  stoker  drive. 

This  type  of  stoker  is  in  use  with  a  wide  range  of  fuels,  and  its  flexibility  and 
efficiency,  even  with  very  low  grade  fuels,  is  remarkably  high. 

The  stoker  comprises  an  endless  moving  grate  of  box-shaped  firebars  mounted 
upon  chains,  the  links  of  which  engage  sprocket  wheels,  which  are  rotated  by  a  novel 
mechanism,  receiving  power  from  a  suitably  placed  driving  shaft.  The  caps  of  the 
firebars  are  perforated  or  slotted  for  the  delivery  of  air  into  the  fuel. 
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The  grate  is  made  up  of  a  plurality  of  moving  box-shaped  sections  which 
gradually  open  as  they  pass  around  the  rear  sprocket  wheel,  close  again  underneath, 
open  again  at  the  front  sprocket  wheel,  and  finally  close  when  passing  rmder  the 
hopper,  presenting  a  flat  fire  surface. 

The  air  supply  from  the  forced  draught  fans  arranged  at  the  ends  of  the  hoppers 
enters  through  rectangular  boxes  at  the  sides  of  the  stokers,  and  flows  respectively 
into  longitudinal  air  chambers,  one  on  either  side  of  the  stoker. 

These  air  chambers  have  their  upper  surfaces  inclined  at  an  angle  of  approximately 
30  degrees,  and  are  provided  with  longitudinal  openings  for  the  delivery  of  air 
into  the  open  ends  of  the  box-shaped  firebars. 

This  arrangement  provides  for  progressively  varying  the  quantity  of  air  admitted 
to  different  parts  of  the  fuel  bed,  so  as  at  the  front,  where  the  fresh  coal  is  being  fed 


Fig.  121. — The  Bennis  Chain  Geate  Mechanical  Stoker. 


and  the  resistance  to  air  admission  is  greatest,  the  maximum  quantity  can  be 
supplied,  while  at  the  back,  where  the  fire  is  thin  and  open,  the  minimum  of 
air  is  admitted. 

The  control  of  the  supply  of  air  to  the  fire  is  arranged  by  the  movement  of 
hinged  triangular  shaped  dampers.  These  dampers  can  be  placed  in  any  desired 
position  by  the  movement  of  operating  handles,  with  the  result  that  the  quantity 
of  air  delivered  can  be  regulated,  and  can  thus  be  progressively  varied  from  the 
front  to  the  rear  of  the  stoker. 

The  fuel  is  dehvered  in  the  ordinary  way  to  the  hopper,  from  which  the  quantity 
fed  upon  the  grates  is  regulated  by  a  sliding  shutter  which  is  raised  or  lowered  by 
a  rack  and  pinion. 

The  machine  is  mounted  upon  four  wheels,  and  can  if  so  desired  be  withdraum 
in  the  same  manner  as  a  chain  grate  stoker. 

Although  usually  arranged  with  self-contained  impelled  draught,  this  stoker 
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may  be  operated  either  under  natural  or  induced  draught  if  so  desired.  For  tlie 
larger  boiler  units,  in  connection  with  which  more  than  one  stoker  is  used,  eacli 
stoker  being  self-contained,  it  is  possible  if  necessaiy  to  shut  a  stoker  down  in¬ 
dependently  of  the  other  stokers. 

The  Bennis  Cham  Grate  Stoker. — The  Bennis  chain  grate  stoker,  illustiated  in 


Fig-  122. — The  Bennis  Chain  Grate  Mechanical  Stoker  applied’' 

TO  A  Babcock  &  Wilcox  Water  Tube  Boiler. 

Figs.  121,  122,  and  123,  embodies  several  features  of  interest  in  its  design,  and  has 
been  extensively  adopted. 

With  this  stoker  both  the  sides  and  the  back  of  the  hopper  are  hinged  so  that 
they  can  be  dropped  to  permit  of  the  tube  doors  above  being  opened  ;  the  back 
of  the  hopper  is  also  sealed  to  prevent  air  leakage  to  the  furnace.  The  hopper  is 
provided  mth  a  cut  off  valve  and  operating  arm  so  that  the  supply  of  fuel  from 
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the  hopper  to  the  grate  may  be  cut  oft‘,  this  valve  being  so  arranged  that  in  cutting' 
ofi  the  supply  of  coal  it  travels  vuth  the  flow. 

At  the  back  of  the  hoj^per  the  fire  door  slides  vertically  ;  it  is  lined  on  the 
inside  with  refractory  bricks.  These  doors  can  be  adjusted  to  any  height  by  means 
of  suitable  mechanism  so  as  to  regrdate  the  depth  of  fuel  which  travels  on  to  the 
grate.  An  indicator  is  provided  on  the  side  showing  the  height  in  inches  of  the 
fire  door  above  the  grate  level,  thus  giving  the  depth  or  thickness  of  fuel  which 
is  being  fed  on  to  the  grate. 

The  grate  frame  is  constructed  of  cast-iron,  strongly  ribbed  and  fitted  with 
bearings  to  carry  the  front  and  back  drums.  The  frame  is  bolted  together  by 


Fig.  123. — Bennis  Chain  Geate  Stokee  Links. 


channel  steel  distance  pieces  and  bolts,  and  is  substantially  cross  braced.  The 
whole  structure  is  mounted  upon  wheels  and  can  be  vfithdrawn. 

The  grate  links  are  of  what  is  known  as  the  halved  type,  being  halved  at  the 
point  of  juncture  vdth  the  succeeding  link  in  the  series,  which  ensures  a  close  joint, 
and  a  continuous  surface  throughout.  The  air  spaces  are  corrugated. 

The  speed  of  grate  travel  is  variable  over  wide  limits,  being  effected  through 
a  grate  change  gear  box  with  spur  wheel  gearing,  of  different  diameters,  built  up 
in  combination  with  the  driving  worm  and  not  recjuiring  the  use  of  a  key. 

The  gear  is  operated  by  means  of  a  handle  arranged  to  engage  with  the 
notches  of  a  gate,  and  it  is  impossible  to  interlock  more  than  one  gear  at  a  time. 
The  gear  box  is  enclosed  and  oil-tight. 
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A  safety  friction  clutch  is  provided  so  that  in  the  event  of  the  torcpie  being 
increased  above  what  is  required  to  drive  the  grate  under  normal  conditions,  the 
clutch  shps,  and  the  grate  is  released  from  excessive  driving  stresses. 

The  Bennis  stoker  is  arranged  for  use  under  natural,  forced,  induced,  and  also 
balanced  draught. 

Retort  Stokers. — Within  recent  years  mechanical  stokers  of  the  retort  or  arch¬ 
less  type  have  been  applied  with  much  success  to  water  tube  boilers,  among  these 
being  the  Erith  Roe  multiple  retort  stoker,  the  Riley  multiple  retort  stoker, 
and  the  “  F  ”  multiple  retort  stoker,  the  two  last  named  being  of  American  origin. 
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Fig.  124. — The  Ekith  Rob  Multiple  Retort  Stoker,  Perspective 
View  of  Furn.vce. 


The  outstanding  features  of  mechanical  stokers  of  this  type  are  the  simphcity 
of  the  furnace  brickwork,  and  the  advantage  of  increased  direct  radiation  from 
the  fire  to  the  heating  surface. 

The  Erith  Roe  Multiple  Retort  Stoker. — -With  stokers  of  this  tyjie,  no  brickwork 
arches  of  any  kind  are  used.  Coal  is  fed  from  the  hopper  by  the  charging  action 
of  the  rams  into  a  trough  or  retort  containing  a  reciprocating  pusher,  which  dis¬ 
tributes  the  fuel  at  its  thickest  section  outwardly  over  stepped  tuyeres  and  stepped 
hollow  grate  bars  between  the  retorts,  whence  it  travels  down  to,  and  over,  moveable 
grates  (which  extend  over  the  whole  width  of  the  furnace),  eventually  reaching  the 
adjustable  grate  bars,  which  continuously  discharge  the  ash  and  clinker  into  the 
ash  hopper. 

The  stepped  hollow  grate  bars  between  the  tuyeres  of  each  retoil;  are  capable 
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of  reciprocation,  and  air  at  low  pressure  is  admitted  through  them  to  the  burning 
fuel.  While  the  retold  sides  and  tuyeres  are  stationary,  the  reciprocating  move¬ 
ments  of  the  stepped  hollow  grate  bars,  being  independently  adjustable,  transmit 
the  required  degree  of  shding  motion  to  the  fuel,  so  that  even  where  the  fuel  supply 
varies  from  time  to  time,  the  formation  of  masses  of  fused  clinker  is  prevented 
from  accumulating  to  any  serious  extent,  the  fuel  being  steadily  advanced  under 
control,  by  the  combined  action  of  the  pushers  in  the  bottoms  of  the  retorts,  and 
the  reciprocating  stepped  hollow  grate  bars,  reaches  the  moving  extension  grates, 


Fig.  125. — The  Eeith  Roe  Multiple  Retort  Stoker,  Longitudinal 
Sectional  View  of  Furnace  and  Stoker. 


when  combustion  is  almost  completed,  and  on  these  moving  grates  combustion 
is  finished,  leaving  the  incombustible  to  be  automatically  discharged  over  the  ash 
bars  into  the  hopper. 

A  unicpie  feature  of  this  stoker  is  the  provision  for  three  independently 
controlled  stages  of  combustion,  viz.  a  primary  stage  in  which  air  is  admitted  at 
full  pressure  into  the  thickest  portion  of  the  fuel  bed  ;  a  secondary  stage  in  which 
a  controlled  supply  of  air  at  redrrced  pressure  is  irrtroduced  into  the  partially  burnt 
fuel  travelling  down  the  stepped  surfaces  between  the  retords  ;  and  a  final  stage 
where  low  pressrrre  air  is  distribirted  through  the  rrearly  burnt  orrt  fuel  travellirrg 
over  the  moving  extension  grates  to  the  ash  hopper. 
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Fig.  126. — -Erith  Roe  Multiple  Retort  Stokers,  Application  to  a  Double- 
ended  Water  Tube  Boiler. 
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The  fact  that  with  this  stoker  all  moving  parts  are  independently  adjustable 
is  a  distinct  advance  in  stoker  practice  and  ensures  a  most  useful  flexibihty  in 
working,  and  the  necessary  conditions  for  utilising  a  wide  range  of  fuels  "with 
efficiency. 

Thus  the  pushers  on  the  retort  bottoms  can  be  worked  in  conjunction  with 
both,  the  stepped  hollow  grate  bars  and  the  moving  extension  grates,  or  either 
of  them,  or  they  may  be  kept  stationary.  The  stepped  hollow  grate  bars  and  the 
extension  grates  can  be  quickly  adjusted  in  hke  manner  in  relation  to  each  other 
and  the  pushers,  so  that  the  rate  of  travel  of  the  fuel  bed  is  under  complete  control, 
and  can  be  adjusted  to  meet  the  requirements  of  widely  varying  fuels  without 
stopping  the  stoker. 

The  stoker  is  built  up  of  units  consisting  of  standardised  interchangeable  parts, 
and  is  of  simple  design.  Any  required  number  of  units  can  be  assembled  to  form 
a  stoker  suitable  for  any  Awdth  of  boiler. 

Figs.  124,  125,  and  126  illustrate  the  Erith  Roe  stoker.  Fig.  124  being  a 
perspective  view  of  the  furnace,  Fig.  125  a  longitudinal  sectional  view  of  the 
furnace  and  stoker.  Fig  126  shows  an  Erith  Roe  duplex  stoker  in  connection 
with  a  large  double  ended  water  tube  boiler  and  capable  of  burning  up  to  250  tons 
daily. 

Generally  the  Erith  Roe  stoker  is  of  massive  construction  throughout,  and  is 
designed  to  minimise  wear  and  tear  ;  it  is  motor  driven,  and  the  forced  draught 
air  supply  is  dehvered  by  means  of  a  direct  coupled  motor-driven  fan  through  the 
air  chamber  beneath  the  stoker. 

The  Riley  Multiple  Ret  rt  Stoker. — The  Riley  multiple  retort  stoker,  which  is 
illustrated  in  Fig.  127,  is  widely  used  in  the  United  States,  while  in  this  country  a 
number  of  installations  have  been  in  use  for  many  years  past.  The  external  portion 
of  the  stoker  comprises  a  number  of  coal  feeding  rams,  actuated  by  a  heavy  slow 
moving  crank  shaft,  which  is  driven  in  sections  through  double  worm  speed 
reduction  gears.  All  gears  are  machine  cut,  and  the  thrust  is  taken  by  ball  thrust 
washers. 

Any  section  of  the  grate  can  be  driven  independently  of  the  others,  thus 
enabhng  the  fire  to  be  maintained  of  an  even  tluckness  across  the  furnace.  A 
shear  pin  fitted  to  the  connecting  rod  of  each  ram  prevents  damage  to  the  driving 
gear. 

Coal  is  fed  to  the  rams  through  the  hopper,  which  is  arranged  immediately 
above  the  ram  cyhnders. 

The  furnace  part  of  the  stoker  consists  of  a  series  of  retorts  corresponding  to 
the  rams  already  referred  to.  Each  retort  has  a  fixed  bottom  plate  and  two  moving 
elements  which  support  the  fire  bed,  and  which  also  distribute  the  fuel  throughout 
the  furnace.  These  moving  elements  form  the  sides  of  the  retorts,  and  carry  the 
moving  tuyeres  through  which  the  air  for  combustion  is  admitted  at  regulated 
pressure,  the  extension  grates  which  admit  air  at  reduced  pressure  for  burning  off 
any  combustible  in  the  ash  before  it  reaches  the  dump,  and  the  rocker  dump 
plates. 
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The  dump  plates  are  hinged,  the  free  ends  being  carried  on  rollers,  which  give 
the  plates  a  rocking  motion,  whereby  the  ash  is  continuously  discharged.  'I’he 


width  of  the  ash  discharge  opening  is  adjusted  from  the  outside,  to  suit  the  ash 
content  of  the  fuel. 

No  furnace  arches  are  used,  the  combustion  is  smokelessly  completed  within 
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the  thick  bed  of  fuel.  Whatever  size  the  furnace  may  be  it  is  provided  with  four 
straight  walls  only,  the  entire  surface  of  the  fire  is  incandescent  and  radiates  heat 
direct  to  the  boiler  tubes. 

In  operation  the  coal  is  fed  to  each  retort  by  its  own  ram  and  is  distributed 
through  the  furnace  by  the  moving  elements  wuth  the  Riley  conveyor  tuyeres. 
The  air  chamber  under  the  complete  stoker  distributes  air  for  combustion  through 
the  moving  elements.  As  the  fresh  coal  below  the  fire  bed  rises  from  the  retorts, 
the  volatile  matter  is  disengaged,  and  burned  vdthout  smoke,  by  mixing  with  air  in 
its  travel  to  the  surface  of  the  thick  fire  bed.  Air  at  reduced  pressure  is  admitted 
through  the  stepped  extension  grates,  to  burn  off  any  combustible  remaining  in 
the  fuel,  before  the  residue  is  discharged  by  the  rocker  dump. 

The  “  F  ”  Multiple  Retort  Stoker. — This  type  of  mechanical  stoker,  which  is 
illustrated  in  Fig.  128,  has  been  introduced  by  The  Underfeed  Stoker  Co.,  Ltd.,  in 
order  to  meet  conditions  which  can  be  most  efficiently  met  by  the  imder  feeding 
of  the  coal  and  the  carrying  of  a  thick  or  deep  fire. 

The  stoker  consists  of  a  series  of  retorts  or  troughs  spaced  about  21  in.  apart. 
The  coal  is  forced  from  the  hoppers  to  the  top  ends  of  these  inchned  troughs  by 
the  usual  form  of  ram,  the  rams  being  reciprocated  by  cranks  and  connecting  rods. 
In  wide  furnaces  the  stoker  is  made  up  of  groups  consisting  each  of  several  retorts, 
each  group  having  its  oum  crank  shaft. 

Each  crank  shaft  is  driven  by  a  variable  speed  gear  in  such  a  way  that  each 
group  of  stokers  nray  have  the  quarrtity  of  coal  wUch  it  feeds  varied  in  relation 
to  any  other  grorrp.  Shearing  pins  are  provided  so  as  to  avoid  danrage  to  the 
stokers  shorrld  any  foreign  nraterial  srrch  as  iroir  becorrre  lodged  between  the  face 
of  a  plunger  and  the  hopper. 

Each  ranr  or  phmger  is  provided  with  a  cross  pin  and  steel  yoke,  the  latter 
being  carried  on  a  guide  rod.  This  yoke  reciprocates  the  auxihary  pushers  which 
carry  the  coal  everrly  and  positively  downward  throughout  the  lerrgth  of  the  trough. 

The  stroke  of  the  lower  pirshers  is  rrrade  adjrrstable  by  means  of  a  shaft 
located  above  the  retorts  (see  Fig.  128)  which  engages  or  disengages  with  pawls 
or  dogs  attached  to  the  nroffing  rod.  This  important  featrrre,  i.e.  the  adjustment 
of  the  travel  of  the  auxihary  pushers,  errables  the  depth  of  fire  at  the  front  or  top 
of  the  retorts  vutlr  relatiorr  to  the  depth  of  fire  at  the  bottom  of  the  retorts  to  be 
varied.  It  also  provides  for  the  quick  covering  of  the  lower  grates  and  dump  grates 
after  drrrnping.  This  provdsiorr  also  enables  a  coke  frrel  bed  to  be  broken  when 
s':aiting  rrp  after  banking  periods. 

The  stoker  is  made  in  various  lengths  in  order  to  provide  grate  areas  properly 
proportioned  for  the  duty  demanded,  taking  into  consideration  also  the  character 
and  quahty  of  the  fuel  to  be  burned.  That  part  of  the  stoker  vdthin  the  furnace 
is  inchned  generally  at  an  angle  of  20°  from  the  horizontal. 

To  prevent  the  erosion  of  the  walls,  and  more  particularly  the  front  walls,  a 
row  of  non-chnkering  furnace  blocks,  forming  a  part  of  the  stoker,  is  placed  within 
the  front  wall  in  such  a  way  as  to  be  connected  with  the  main  air  chamber  of  the 
stoker,  and  discharge  air  immediately  over  the  front  of  the  fire.  This  air  admission 
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is  also  of  considerable  value  in  burning  carbon  monoxide,  wbicb  with  most  coals 
is  formed  with  this  class  of  stoker  immediately  inside  the  front  walls.  The  blocks 
are  clearly  shorvn  in  Fig.  128. 

Ample  space  is  provided  for  the  accunndating  ashes  and  clinker  and  by  the 
arrangement  providing  for  the  adjustment  of  the  dump  grates,  the  clinker  con¬ 
taining  capacity  may  be  increased  as  it  accumulates.  The  dump  plates  are  actuated 
by  worm  and  gear,  or  for  very  mde  stokers,  power  mechanism  may  be  employed. 
'WTien  the  dump  grates  are  dropped  the  air  supply  is  automatically  cut  off  as 
shovTi  in  Fig.  128. 

The  tuyeres  possess  distinctive  features.  The  shape  and  air  distribution,  which 


Fig.  129. — The  Pluto  Stoker,  Application  to  a  Water  Tube  Boiler. 


is  ecpial  round  the  entire  tuyere,  and  the  large  cooling  surface  are  important  points 
in  minimising  wear,  and  maintenance  cost. 

The  Pluto  Stoher. — The  Pluto  stoker  is  a  type  which  has  been  very  successful 
in  continental  countries  in  the  utihsation  of  low  grade  fuels  and  is  of  Dutch  make. 
This  type  of  mechanical  stoker  is  referred  to  in  Chapters  III.  and  IV.,  where  details 
of  evaporative  tests  mth  brown  coal,  lignite  and  peat  are  given.  The  apphcation 
of  the  stoker  to  a  water  tube  boiler  is  shown  in  Fig.  129. 

The  grate  is  in  two  sections,  one  slightly  inclined  downwards  from  the  hopper, 
and  the  other  towards  the  back  end  horizontal.  Both  sections  of  the  grate  are 
formed  of  long  narrow  bars  having  a  reciprocating  motion. 

The  inclined  grate  bars  consist  of  troughs  with  comparatively  restricted  air 
spacing,  machined  on  both  sides  and  on  the  sliding  surface,  the  upper  portion  or 
fire  surface  of  the  trough  is  filled  with  small  and  easily  replaceable  standard  fire  bars. 
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The  horizontal  grate  bars  are  of  similar  construction  and  engage  with  the  inclined 
bars  in  their  reciprocating  movement.  Both  the  inclined  and  horizontal  grates 
slide  on  three  cast-iron  air  boxes. 

At  each  side  of  the  grate  throughout  its  length  in  front  of  the  brickwork  are 
fitted  steel  side  plates.  These  side  plates  keep  the  moving  bars  of  the  grate  close 
together  and  at  the  same  time  prevent  the  flow  of  excess  air. 

The  reciprocating  movement  of  the  grate  is  provided  by  means  of  a  rocking 
driving  shaft  provided  with  levers  and  connecting  rods,  each  bar  being  driven 
separately. 

The  rocking  driving  shaft  is  actuated  by  means  of  a  steel  arm  connected  to 
hydraulic  driving  gear,  so  that  the  speed  and  amount  of  travel  of  the  grate  bars  can 


Fig.  130. — ^Abeangement  of  an  Air  Supply  to  a  Pluto  Stoker. 


be  easily  adjusted.  For  most  ordinary  installations  the  boiler  feed  pump  may  be 
used  for  the  hydraulic  driving  gear,  but  for  large  installations  special  pumps  are 
provided. 

If  desired  the  driving  gear  may  be  provided  for  direct  motor  drive  or  a  chain 
drive.  The  whole  of  the  driving  mechanism  in  any  case  is  arranged  at  the  front  of 
the  boiler  so  as  to  be  easily  accessible. 

The  stoker  works  with  forced  draught.  The  air  supply  is  divided,  part  passing 
down  through  the  inclined  trough  bars  and  issuing  beneath  the  fire,  through  the 
small  fire  bars  which  form  the  upper  portion  of  the  trough. 

The  remainder  is  led  under  the  horizontal  section  of  the  grate  and  through 
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the  ash  bars.  The  air  supply  is  regulated  by  means  of  adjustable  dampers,  and  the 
volume  delivered  at  the  back  end  of  the  grate  reduced  to  the  minimum  necessary 
for  completing  combustion. 

If  desired,  the  horizontal  section  of  the  grate  may  be  operated  under  natural 
draught. 

The  air  ports  in  the  inclined  grate  are  so  proportioned  as  to  provide  the  minimum 
of  air  for  the  ixpper  portion  of  the  grate,  but  for  the  most  active  combustion  on  the 
lower  portion  of  the  grate,  diminishing  as  the  fuel  reaches  the  horizontal  bars. 

The  arrangement  of  the  air  supply  is  shown  in  Fig.  130.  The  fire  door  is  of  an 
unusual  type  and  consists  of  a  number  of  fire-brick  lined  castings  hanging  from  a 
horizontal  rail,  the  whole  being  raised  or  lowered  to  provide  for  different  thicknesses 
of  fire  by  means  of  a  worm  and  screw  gear. 

It  will  be  noticed  that  on  the  fire  side  of  the  fire  door  a  large  fire-brick  sluice  is 
provided  which  also  may  be  raised  or  lowered.  This  is  only  fitted  in  installations 


where  it  is  at  times  required  to  burn  a  very  low  grade  fuel.  In  such  cases  the  sluice 
is  opened  and  a  correspondingly  thick  fire  is  obtained.  The  fire  door  is  illustrated 
in  Fig.  131. 

The  hydraulic  motor  is  an  interesting  feature  of  the  Pluto  stoker.  It  can  be 
worked  by  water  either  from  the  boiler  feed  pumps  or  from  other  pumps  specially 
provided  for  the  purpose,  the  latter  provision  is  usually  made  in  connection  with 
large  installations.  The  pump  cylinder  is  about  12  in.  diameter.  ^Vhen  the  motor 
is  arranged  below  floor  level  the  drive  to  the  rocking  shaft  lever  is  from  an  extension 
of  the  piston  rod.  In  other  cases,  when  the  motor  is  on  the  firing  floor  level,  head 
room  is  saved  by  a  crosshead  drive  to  the  lever  of  the  rocking  shaft.  The  main 
valve  of  the  motor  is  moved  across  at  the  end  of  each  stroke  by  water  pressure 
controlled  by  a  small  pilot  valve  operated  by  the  pump  crosshead  arm,  the  idea 
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being  similar  to  that  on  which  the  design  of  vertical  boiler  feed  [)uin|)s  is  often 
based. 

The  Pluto  stoker  can  be  applied  to  any  type  of  water  tube  boiler,  one  of  its 
advantages  is  the  unusually  large  grate  which  it  provides  directly  under  the  boiler, 
and  the  small  space  required  in  front  of  the 
setting.  The  grates  are  made  in  widths 
ranging  from  4  ft.  11  in.  to  8  ft.  10  in., 
and  in  lengths  from  6  ft.  6  in.  to  13  ft., 
measured  on  the  inclined  portion.  The  hori¬ 
zontal  ash  bars  vary  in  length  Irom  1  ft.  8  in. 
to  6  ft.  6  in.,  according  to  the  class  of  fuel  to 
be  burned. 

With  machine  firing  it  is  the  common 
practice  to  provide  grates  of  such  a  length 
that  hand  firing  over  the  same  length  is  quite 
impossible.  Chain  grates  are  now  made  up 
to  16  ft.  in  length,  whereas  a  skilled  fireman 
cannot  properly  cover  and  keep  covered  a 
grate  exceeding  7  ft.  in  length,  while  preferably  the  length  of  a  grate  for  hand 
firing  should  not  exceed  6  ft. 

This  wide  disparity  between  the  possible  grate  areas  under  machine  and  hand 
fired  conditions  is  such  as  to  demand  for  the  latter  the  use  of  a  much  superior  fuel, 
while  at  the  same  time  in  all  probability  reducing  the  boiler  capacity  considerably. 

The  successful  application  of  machine  firing  to  even  the  largest  boiler  units, 
the  efficient  utilisation  of  a  very  wide  range  of  fuels,  many  of  a  very  low  grade  and 
high  in  ash  content,  the  general  reliability  of  the  stokers  and  their  comparatively 

low  cost  for  upkeep  and  maintenance, 
are  all  factors  which  much  ensure  their 
general  and  rapid  adoption  in  connection 
with  all  water  tube  boilers. 

The  Sandwich  System  of  Firing. — 
An  interesting  and  simple  improvement 
having  for  its  object  the  simultaneous 
firing  of  coke,  or  coke  breeze,  and  slack 
coal  in  superimposed  layers,  and  in 
variable  proportions,  is  shown  in  Figs. 
132,  133  and  134,  which  illu.strates  the 
application  to  chain  grate  mechanical 
stokers,  and  underfeed  stokers  re¬ 
spectively. 

This  system  of  divided  or  auxiliary 
hoppers  providing  for  the  coal  to  be  fed  on  top  of  the  fuel  bed  is  generally  known 
as  the  “  Sandwich  feed.”  As  a  simple  means  of  efficiently  utilising  coke  and  breeze 
with  coal  with  machine  fired  water  tube  boilers  it  has  been  very  successful. 


Fig.  133. — The  Sandwich  System,  Application 
TO  A  Chain  Ghatb  Mechanical  Stoker. 


A 


Fig.  132. — The  Sandwich  System.  Appli¬ 
cation  to  a  Chain  Gr.\te  .Mechanical 
Stoker. 
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The  Sandwich  system  is  referred  to  in  Chapter  V.,  while  it  is  usual  to  provide 
two  compartments  only  in  a  hopper  ;  as  will  be  observed  upon  reference  to  Fig.  133, 

the  number  of  divisions  may  be  increased  in 
order  to  provide  for  the  blending  of  more 
than  two  fuels. 

The  accompanying  Table  No.  38,  giving 
the  minimum  and  preferred  setting  heights 
for  boilers  of  various  types,  with  stokers  of 
a  number  of  types  as  recommended  by  the 
United  States  Stoker  Manufacturer’s  Associa¬ 
tion,  is  of  much  interest,  showing  as  it  does 
that  the  demand  for  increased  and  ample 
combustion  space  is  now  becoming  general. 

While  some  of  the  boilers  and  mechanical 
stokers  referred  to  are  not  used  in  this 
country,  the  data  given  in  Table  38  is  useful 
and  marks  a  distinct  advance. 

Hand  Fired  Furnaces. — While  the  ten¬ 
dency  Avithin  the  past  few  years  has  un¬ 
doubtedly  been  towards  the  more  extended 
use  of  machine  firing,  mainly  with  a  view 
to  reducing  the  cost  of  labour,  and  also 
because  of  the  scarcity  of  skilled  boiler  fire¬ 
men,  hand  fired  furnaces  are  still  very  ex¬ 
tensively  used  for  internally  fired  boilers. 

The  reasons  why  machine  firing  has  not 
displaced  hand  firing  to  a  much  greater  extent 
have  already  been  discussed. 

If  it  were  practicable  upon  a  large  scale 
and  under  a  variety  of  working  conditions  to  compare  the  relative  thermal 
efficiency  obtained  with  hand  fired  and  machine  fired  Lancashire  boilers,  there 
is  no  doubt  that  the  average  record  with  machine  firing  would  be  shown  to  be 
higher  than  hand  firing  in  spite  of  the  fact  that  mechanical  stokers  are  but  rarely 
operated  to  the  best  advantage. 

The  principal  reason  for  this  is  that  men  who  have  been  trained  and  who  are 
capable  of  really  efficient  hand  firing  are  now  rarely  seen.  A  skilled  fireman  is 
usually  Avorth  more  than  he  is  paid,  and  the  development  of  skill  has  not  been 
encouraged,  oAving  to  the  general  disposition  of  steam  users  to  regard  the  work  as 
unskilled,  and  of  comparatively  little  Avorth  or  importance. 

In  that  very  valuable  work,  “  Steam  Boilers  and  Combustion,”  ^  Mr  John  Batey 
refers  thus  to  the  necessity  for  employing  trained  men  : 

“  Whatever  diversity  of  opinion  exists  on  these  matters,  there  is  none  in  regard 
to  the  advantage  of  working  steam  boiler  plants  by  brainy  men,  including 
^  “  Steam  Boilers  and  Combustion,”  by  John  Batey,  pp.  85-86. 


Fig.  134. — The  Sandwich  System  as 
■APPLIED  TO  AN  Underfeed  Mechani¬ 
cal  Stoker. 


Minimum  and  Preferred  Settina  Heights  recommended  hu  Stoker  Manufacturer's  Association  from  Floor 
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intelligent  stokers.  These  can  be  obtained,  if  the  price  is  paid,  but  such 
price  is  supposed  to  be  prohibitory,  for  which  reason  mechanical  aids 
have  been  introduced,  yet  even  these  require  skilled  operators,  if  the 
best  economy  is  to  be  obtained,  because  whatever  the  excellence  of 
mechanical  methods  may  be,  none  have  been  produced  that  can  compare 
with  the  best  hand  firing,  both  for  fuel  economy  and  cqiantitative 
efficiency.” 

No  hand  fired  furnace  has  yet  been  devised  which  is  independent  of,  or  which 
by  any  feature  in  its  design  can  compensate  for  lack  of  skill  upon  the  part  of  the 
fireman.  On  the  contrary,  it  may  be  observed  that  the  better  the  furnace  is  designed, 
and  the  greater  its  potential  efficiency  and  economy,  the  more  important  it  is  to 
provide  skilled  operation. 

The  ordinary  hand  fired  natural  draught  furnace  as  usually  supplied  by  makers 
of  Lancashire  and  Cornish  boilers  as  the  standard  firing  equipment,  while  being 
unsuitable  for  the  efficient  burning  of  the  higher  grade  fuels,  is  utterly  useless  for 
burning  low  grade  fuels.  As  a  standardised  furnace  it  is  designed  and  supplied 
without  any  regard  for  draught  conditions,  the  grade  of  fuel  which  it  is  desired  to 
use,  or  the  evaporative  duty  required  from  the  boiler. 

The  length  of  the  grate,  its  design,  and  air  spacing  would  appear  to  be  points 
which  have  received  little  or  no  consideration.  The  usual  practice  has  been  to 
provide  grates  6  ft.  long  and  to  use  a  standard  air  spacing,  irrespective  of  individual 
conditions  and  recqiirements. 

Owing  to  their  limited  range  of  use,  their  lack  of  flexibility,  and  their  inefficiency, 
to  a  very  large  extent  these  furnaces  have  been  superseded  by  furnaces  capable  of 
burning  a  wide  range  of  fuels  and  a  limited  range  of  low  grade  fuels. 

AMiile  for  natural  draught  operation  many  improved  firebars  have  been  intro¬ 
duced,  to  a  considerable  extent  the  tendency  in  hand  firing  has  been  towards 
the  adoption  of  furnaces  suitable  for  burning  slacks  and  small  fuels,  and  also  for 
enabling  an  evaporative  output  to  be  obtained  from  boilers  in  excess  of  that 
obtainable  under  natural  draught. 

For  these  purposes  forced  draught  or  steam  jet  blower  furnaces  have  been 
very  extensively  adopted.  Furnaces  of  this  type  were  originally  introduced  upwards 
of  thirty  years  since  for  the  utilisation  of  coke  breeze  for  steam  generation  in  gas¬ 
works,  at  a  time  when  coke  breeze  was  a  waste  fuel.  The  results  then  obtained 
were  so  satisfactory  that  similar  furnaces  embodying  various  improvements  were 
widely  adopted,  not  only  for  the  utilisation  of  small  and  inferior  fuels,  but  also  for 
overcoming  defective  natural  draught,  and  increasing  the  evaporative  capacity 
of  boilers  when  burning  higher  grade  fuels. 

Steam  jet  blower  furnaces  have  already  been  referred  to  and  illustrated  in 
Chapter  V.  in  connection  with  the  utilisation  of  coke  breeze  for  steam  generation. 
The  steam  consumption  of  the  nozzles  or  jets  has  been  the  subject  of  much  criticism 
and  controversy,  and  there  can  be  no  doubt  that  in  connection  with  some  furnaces 
of  crude  design  the  consumption  of  steam  is  excessive. 

It  has  been  customary  to  express  the  steam  consumption  in  percentage  terms 
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of  the  total  evaporation  of  the  boiler,  sometimes  without  any  regard  for  the  class 
of  fuel  burned  and  accordingly  the  rate  of  evaporation  obtained.  It  will  be  obvious 
that  the  percentage  of  steam  used  when  burning  a  low  grade  fuel  at  a  high  rate  of 
combustion,  and  giving  a  comparatively  low  evaporative  output,  must  be  much 
in  excess  of  that  required  when  burning  a  good  quality  of  fuel  at  a  lower  rate  of 
combustion,  and  giving  a  greater  evaporative  output. 

Assuming  a  Lancashire  boiler  30  ft.  long  x  8  ft.  diameter  burning  coke  breeze 
at  the  rate  of  25  lbs.  per  square  foot  of  grate,  and  giving  an  evaporation  of  5000  lljs. 
per  hour.  The  steam  consumption  shordd  not  exceed  3  per  cent.,  or  150  lbs.  of 
steam  per  hour.  This  cannot  be  regarded  as  excessive,  and  it  may  be  observed 
that  equivalent  results  in  evaporation  could  not  be  obtained  with  any  other  system 
of  air  supply  for  a  lower  steam  consumption. 

For  installations  comprising  three  or  more  boilers  in  use  at  a  time  it  woidd 
probably  be  more  economical  to  use  fan  draught,  either  forced  or  induced,  accord¬ 
ing  to  the  conditions  and  requirements.  Fine  slacks,  colliery  smalls,  and  a  limited 
range  of  low  grade  fuels  may  be  efficiently  utihsed  either  with  fan  forced  draught, 
induced  draught,  or  both.  The  range  of  fuels  which  may  thus  be  utilised  is,  as 
observed  in  Chapter  II.,  to  a  large  extent  determined  by  the  type  of  boiler  used, 
and  accordingly  the  grate  area  and  combustion  conditions  provided. 

Fan  forced  draught  is  only  used  to  a  very  limited  extent  in  connection  with 
Lancashire  and  other  internally  fired  boilers.  Induced  draught  is  much  more  widely 
used,  and  has  given  very  satisfactory  results,  not  only  in  overcoming  defective 
chimney  draught,  but  also  in  considerably  increasing  the  evaporative  output  of 
boilers,  and  in  enabhng  certain  low  grade  and  small  fuels  to  be  utihsed. 

Hand  Firing. — The  methods  usually  employed  for  hand  firing  more  or  less 
completely  and  satisfactorily — depending  both  iq3on  the  skill  of  the  fireman  and 
the  degree  of  efficiency  or  supervision — may  be  briefly  described  as  follows  : — ■ 

(1)  Side  or  alternate  firing. 

(2)  Spreading. 

(3)  Coking. 

Methods  1  and  2  are,  as  a  general  rule,  only  satisfactorily  used  by  competent 
and  experienced  firemen,  demanding,  as  they  do,  close  attention,  judgment  and 
dexterity.  Method  3  is  rmfortunately  to  a  large  extent  used  by  the  unskilled. 

AVhichever  system  may  be  adopted,  it  is  imperative  to  cover  the  grate  and  keep 
it  covered.  In  hand  firing  under  any  system  or  method  this  is  essential,  and  cannot 
be  disregarded,  if  there  is  to  be  any  concern  for  efficiency  in  operation. 

Some  firemen  never  cover  the  grate,  others  fail  to  the  extent  of  not  keeping 
the  grate  adequately  covered,  and  it  is  an  all  too  common  experience  to 
find  the  rear  of  the  grate  bare  or  thinly  covered,  as  also  the  sides,  with  holes 
in  the  fire. 

Hand  firing  as  practised  by  the  untrained  and  unskilled  is  notoriously  in¬ 
efficient,  and  is  productive  of  a  grievous  fuel  waste  ;  it  must,  however,  be  admitted 
that  the  fault  does  not  he  entirely  with  the  operator.  In  many  boiler  houses  a 
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fireman  has  to  work  in  such  a  cramped  position,  with  coal  so  close  to  the  boiler 
front,  that  even  a  skilled  man  cannot  satisfactorily  fire  a  boiler  rmder  such 
conditions. 

Generally  speaking  a  clear  firing  space  of  at  least  7  ft.  is  essential  in  front  of 
a  Lancashire  boiler  for  efficient  hand  firing,  and  at  least  10  ft.  is  required  for  smartly 
cleaning  a  fire.  Failure  to  provide  suitable  working  space  involves  constant  loss. 

The  lerrgth  of  the  grate  provided,  and  the  importance  of  correct  grate  area— 
which  will  be  srrbsequently  discussed — have  a  marked  effect  upon  the  results  obtained. 

In  corrnection  with  rrrany  steam  boiler  installations  the  grates  provided  are 
too  long.  By  reducing  the  length  of  the  grate  the  work  of  the  fireman,  skilled  or 
unskilled,  is  not  only  reduced,  but  is  at  the  same  time  automatically  rendered  more 
efficient.  The  loss  due  to  failure  to  keep  the  grate  covered  may  in  many  cases 


be  either  considerably  nriniirrised,  or  even  elimirrated,  by  providing  a  grate  area 
suitable  for  the  evaporative  duty  demanded,  having  in  mirrd  the  available  draught 
and  the  fuel  which  it  is  desired  to  use. 

Apart  from  the  comparative  advantages  of  the  recognised  methods  of  firing, 
it  will  be  evident  that  the  conditions  provided  both  in  regard  to  firing  space  and 
grate  areas  are  not  unimportant  factors.  The  fireman  cannot  be  held  responsible 
for  the  design  of  the  boiler  house,  rror  the  determination  of  the  correct  grate  area. 

(1)  Side  or  Alternate  Firing. — The  firing  of  alternate  charges  on  the  right  and 
left  sides  of  the  grate,  sometimes  known  as  mng  firing,  is  a  method  commonly 
employed,  demands  skill  in  the  “  placing  ”  of  the  fuel  in  order  to  keep  the  sides 
of  the  grate  sealed,  and  also  to  keep  the  centre  of  the  fire  covered  from  front 
to  back. 

The  charges  must  be  small  and  frequent  in  order  to  maintain  a  hot  fire.  The 
thickness  of  the  fuel  bed  shoidd  be  from  7  in.  to  9  in.,  according  to  the  evaporative 
duty  demanded  and  assuming  the  use  of  bituminous  slack. 

This  method  of  firing  to  some  extent  combines  the  two  systems  which  will  be 
subsequently  discussed,  i.e.  spreading  and  coking.  It  is  not  the  most  suitable 
method  in  cases  where  heavy  duty  is  demanded,  although  in  cases  where  a  boiler  is 
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working  rather  below  its  rated  capacity  it  is  probably  tlie  Ijest  and  most  cHicient 
system  of  hand  firing. 

The  contour  of  the  fuel  bed  under  good  side  firing  conditions  is  shown  in 
Figs.  135  and  136.  With  the  spreading  system,  the  fire  shoidd  be  ecpially  level, 
care  being  taken  to  rather  increase  the  fire  thickness  at  the  sides  and  rear  end. 

(2)  Spreadimj. — For  heavier  boiler  duty,  and  for  the  mo.st  efficient  firing  of 
fine  bituminous  slack,  the  spreading  of  the  fuel  from  front  to  back  is  the  best  system. 


In  the  United  States  a  variation  of  the  spreading  system,  known  as  “  ribbon  firing,” 
has  been  introduced,  hght  charges  being  fed  in  narrow  rows  from  front  to  back. 


Fig.  130. — The  Coking  Sy.stem.  Pl.\n. 


While  it  has  been  shown  that  this  method  is  superior  to  spreading  as  ordinarily 
practised,  it  can  only  be  employed  with  grates  of  suitable  mdth,  such  as  are 
provided  with  externally  fired  boilers. 

The  essentials  of  the  spreading  system  are  to  uniformly  spread  or  sprinkle 
the  fuel,  and  to  maintain  a  level  fire  of  even  thickness  and  free  from  holes.  To 
do  this  while  meeting  a  heavy  and  fluctuating  demand  for  steam  necessitates  close 
and  intelligent  observation  of  the  condition  of  the  fire,  skill  in  the  “  placing  ”  of 
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the  fuel,  hard  work,  and  constant  attention.  The  spreading  system  is  not  suitable 
for  light  boiler  duty  nor  easy  working  conditions. 

Coking. — For  a  steady  load  and  comparatively  easy  working  conditions  the 
coking  system  of  firing,  if  satisfactorily  done,  will  show  a  very  good  efficiency  and 
a  freedom  from  smoke,  even  if  no  special  smoke-preventing  device  is  employed. 
This  system  of  firing,  however,  is  impossible  for  meeting  a  fluctuating  demand  for 
steam,  it  is  also  unsuitable  for  a  heavy  evaporative  duty,  unless  artificial  draught 
is  provided.  With  the  high  rate  of  combustion  it  then  demands  very  close  attention 
in  order  to  keep  the  grate  adecpiately  covered. 

As  a  method  of  firing  it  is  ancient,  originally  introduced  as  a  means  of  pre- 
veirting  smoke,  it  is  too  often  employed  by  unskilled  firemen  as  an  easy  method 
of  firing,  involving  but  the  minimum  of  effort,  but,  as  frequently  practised, 
disastrous  from  the  point  of  view  of  efficiency. 

The  object  of  the  coking  system  of  firing  is  to  coke  the  fuel  at  the  front  of  the 
grate,  always  maintaining  a  level  incandescent  fire  at  the  rear,  to  ignite  the  gases 
distilled  at  the  front.  The  method,  which  is  much  too  frequently  adopted,  is 
illustrated  in  Figs.  137,  138  and  139.  A  mass  of  fuel  is  dumped  at  the  front  of  the 
grate,  while  the  rear  portion  of  the  grate  is  either  left  bare  or  imperfectly  covered. 

Unless  it  can  be  ensured  that  the  whole  of  the  grates  at  the  rear  is  kept  evenly 
covered  to  a  depth  of  at  least  6  in.,  by  systematically  and  regularly  levelling  the 
coking  mass,  this  method  of  firing  should  not  be  permitted.  In  effect  this  means 
that  as  a  system  its  use  should  be  restricted  either  to  skilled  firemen  or  those  who 
are  working  under  proper  supervision. 

To  permit  this  method  of  firing  to  be  practised  mthout  any  regard  for  the 
adecpiate  covering  of  the  grate  is  to  encourage  and  ensure  inefficiency  and  waste, 
whereas  if  properly  applied  it  is  not  only  an  easy  method  of  firing,  but  under 
suitable  conditions,  and  within  its  limitations,  Avill  ensure  smokeless  and  efficient 
operation. 

Raking  and  Slicing. — So  long  as  a  fire  is  kept  sufficiently  thick  and  level  it 
is  unnecessary  to  disturb  it  by  raking,  poking,  or  slicing.  The  use  of  the  shce 
should  at  all  times  be  restricted  to  gently  easing  the  underside  of  the  fire  in 
order  to  free  the  air  spaces  and  riddle  through  loose  incombustible  dust  to  the 
ashpit. 

This,  unfoitiuiately,  is  the  method  which  is  only  employed  by  the  skilled 
firemen.  Untrained  men  seem  to  be  obsessed  with  the  idea  that  a  fire  requires 
constant  manipulation  and  disturbance. 

It  cannot  be  too  strongly  emphasised  that  the  rake  should  only  be  used  to 
level  the  fire  and  remove  clinker  and  ash.  Instead  of  this  it  is  an  all  too  common 
practice  to  break  up  the  fire  indiscriminately,  mixing  ash  and  chnker  with  partially 
burned  and  unignited  coal.  In  the  same  way  the  slice  is  thrust  into  the  body 
of  the  fuel  bed  which  is  partially  turned  over,  mixing  clinker  and  ash  with 
burning  coal. 

When  artificial  draught  is  used,  or  in  cases  where  the  chimney  draught  is  sharp, 
one  effect  of  thus  unnemssarily  breaking  up  the  fire  is  to  hberate  small  particles  of 
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partially  carbonised  gritty  fuel,  wliich  in  large  (juantities  is  carried  forward  to  ti  e 
flues  and  chimney. 

Cleaning  Fires. — The  carbon  loss  in  cleaning  fires  due  to  lack  of  skill,  care¬ 
lessness,  indift’erence  and  lack  of  supervision  is  serious,  and  represents  a  heavy 
waste,  the  extent  of  which  in  connection  with  hand  fired  furnaces  has  not  yet  been 
fully  realised. 

Not  only  is  the  loss  of  carbon  in  the  residual  clinker  and  ash  frequently  very 
heavy,  but  the  loss  in  riddling  with  ordinary  natural  draught  furnaces  is  by  no 
means  negligible.  To  these  losses  have  to  be  added  the  waste  due  to  excess  of  air 
passing  over  and  through  the  grate,  and  the  distillation  of  the  hydrocarbons  under 
conditions  which  prevent  ignition.  These  all  contribute  to  a  heavy  fuel  loss  which 
is  to  a  large  extent  preventible. 

A  fire  should  always  be  cleaned  before  it  has  burned  too  low,  and  for  at  least 
fifteen  minutes  before  cleaning  the  firing  should  be  strictly  limited. 

Under  average  conditions  the  thickness  of  the  bed  of  fire  on  a  grate  at  the 
time  for  cleaning  should  not  exceed  from  3  to  4  in.  In  order  to  quickly  and 
thoroughly  clean  a  fire,  and  rapidly  regain  normal  working  conditions,  activity  is 
demanded,  and  preferably  skill ;  leisurely  methods  are  very  wasteful. 

The  fire  should  be  smartly  pushed  over  to  one  side  of  the  grate,  leaving  the 
opposite  side  bare.  Directly  this  is  done  all  unburned  fuel  slioidd  be  cpiickly 
raked  over  on  to  the  bare  grate  surface,  leaving  only  the  clinker  and  ash,  which 
shordd  be  at  once  removed.  Immediately  the  grate  has  been  cleaned  the  live  fuel 
should  be  spread,  and  small  and  frequent  charges  introduced,  until  a  level  fire  of 
the  required  tkickness  has  been  reached  and  the  normal  working  temjjerature 
secured. 

Heavy  charges  should  not  be  introduced,  the  essential  point  after  cleaning  is 
to  regain  a  high  fm'nace  temperature  with  the  minimum  loss  of  time. 

It  is  important  when  cleaning  fires  to  lower  the  dampers  in  order  to  restrict 
so  far  as  is  possible  the  inrush  of  cold  air.  Unless  this  is  done  the  unchecked  flow 
of  air  must  inevitably  cool  the  furnace  and  boiler  and  result  in  a  definite  loss. 

Although  in  most  boiler  installations  the  damper  counterweights  are  so  placed 
that  the  dampers  may  be  readily  manipulated,  it  is  only  the  skilled  and  carefrd 
fireman  who  realises  the  importance  of  regulation  or  adjustment. 

In  the  utihsation  of  low  grade  fuels  for  steam  generation  under  hand  fired 
conditions,  the  cleaning  of  fires  as  ordinarily  practised  is  both  arduous  and  wasteful. 
Not  only  is  it  necessary  to  clear  the  fires  much  more  frecpiently,  but  the  proportion 
of  incombustible  which  has  to  be  removed  is  often  considerable. 

In  order  to  avoid  the  usual  burning  down  process  and  facilitate  cleaning,  a 
simple  form  of  baffle  bridge  (Gallagher  &  Crompton’s  patent)  has  been  introduced. 
This  device,  which  is  in  the  form  of  an  inclined  extension  of  the  grate  in  firebrick, 
is  illustrated  in  Figs.  140  and  141,  the  former  showing  the  normal  condition  of  the 
fire  and  the  latter  the  condition  of  the  fire  when  cleaning  out.  The  live  fuel  is 
pushed  back  on  to  the  bridge  instead  of  being  burned  dowui ;  not  only  does  this 
pro\ide  a  larger  body  of  fire  for  covering  the  grate  immediately  after  clinkering. 
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but  during  the  removal  of  the  incombustible  from  the  grate  the  mass  of  hve  fuel 
on  the  bridge  restricts  the  area  over  the  bridge  and  accordingly  limits  the 
inflow  of  air. 

Ha\dng  in  mind  that  the  baffle  bridge  in  effect  increases  the  grate  area,  it 
would  appear  to  be  most  useful  when  comparatively  short  grates  are  used.  To 
add  from  2  ft.  6  in.  to  3  ft.  to  a  standard  6  ft.  grate,  plus  the  usual  dead-plate, 


Fig.  140. — Gallagher  &  Crompton's  B.affle  Bridge. 
N0R11.4.L  Condition. 


'  must  obviously  increase  the  work  involved  in  the  manipulation  of  the  fire,  as  the 
live  fuel  has  to  be  handled  with  the  rake  twice  at  a  distance  of  9  ft.  to  10  ft. 
from  the  front  of  the  boiler. 

The  Importance  of  Correct  Grate  Area. — Generally  speaking  the  grate  or  grates 
installed  in  hand  fired  boilers  are  too  long.  As  already  observed,  it  woidd  appear 
to  be  the  common  practice  for  makers  of  internally  fired  boilers,  such  as  those  of 


Fig.  141. — Gallagher  &  Crompton's  Baffle  Bridge. 
IN  Use  for  Cleaning  Fire. 


the  Lancashire  and  Cornish  t}^es,  to  profflde  grates  at  least  6  ft.  in  length,  vdthout 
any  regard  for  the  evaporative  duty  actually  required  from  the  boiler,  the  class  or 
character  of  the  fuel  to  be  utilised,  or  the  conditions  under  which  the  boiler 
has  to  work. 

Further,  the  question  of  suitable  air  spacing  woidd  seem  to  receive  no  con¬ 
sideration  ;  a  grate  of  standard  length  with  standard  air  spacing  is  provided,  no 
matter  what  kind  of  fuel  it  is  intended  to  use,  and  without  any  regard  for  the 
existing  chimney  conditions. 

Having  in  mind  that  it  is  the  usual  practice  to  fix  a  9-in.  or  12-in.  dead-plate 
in  front  of  the  grate,  the  fireman,  in  order  to  keep  the  grate  evenly  covered,  has 
to  throw  the  fuel  over  7  ft.,  and  in  this  operation  place  it  where  it  is  wanted. 
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It  is  quite  useless  to  ignore  the  fact  that  as  a  general  rule  this  is  not  done. 
The  average  fireman  either  will  not,  or  does  not,  cover  a  grate  (i  ft.  long,  and  it  i.^ 
commonly  found  that  the  back  of  the  grate,  for  from  12  in.  to  18  in.  at  the  bridge, 
is  either  bare,  or  thinly  and  unevenly  covered  with  fuel. 

If  under  such  conditions  it  is  possible  to  maintain  the  required  steam  pres.sure 
and  boiler  output  although  inefficiently,  then  it  is  beyond  question  that  with  a 
shorter  grate  evenly  covered  with  fuel  the  consumption  woidd  be  reduced,  in 
many  cases  substantially, — and  the  steam  required  would  be  obtained  with  much 
less  effort. 

To  a  large  extent  steam  users  have  rehed  upon  boiler  makers,  and  it  is  to  be 
regretted  that  the  latter  do  not  appear  to  be  seriously  concerned  with  thermal 
efficiency  in  practice,  nor  do  they  show  that  to  any  serious  extent  they  appreciate 
ordinary  problems  in  combustion,  and  the  fact  that  the  performance  and  efficiency 
of  the  boiler  is  to  a  large  extent  dependent  upon  the  furnace  or  firing  equipment. 

The  simplest  and  cheapest  method  of  reducing  the  grate  area  is  to  cover  the 
back  end  of  the  grate  with  firebricks  or  firetiles  for  one  or  two  feet  in  length  from 
the  bridge,  or  even  more,  as  may  be  easily  determined  by  experiment. 

The  effect  is  to  intensify  combustion,  ensure  a  higher  furnace  temperature, 
and  increase  the  absorption  of  radiant  heat,  due  to  the  comparative  ease  with  which 
the  grate  can  be  kept  evenly  covered  with  fuel.  Further,  the  fire  can  be  more  easily, 
quickly,  and  thoroughly  cleaned. 

Cases  have  come  under  the  observation  of  the  author  where  with  grates  6  ft. 
in  length,  the  average  rate  of  combustion  was  only  7  lbs.  per  square  foot  of  grate  per 
hour.  In  two  such  cases  the  only  complaint  made  was  that  the  superheat  or  added 
steam  temperature  was  much  too  low,  being  actually  about  50°  F.  only. 

The  obvious  remedy  was  to  shorten  the  grates  and  these  were  reduced  by 
one-half,  i.e.  from  6  ft.  to  3  ft.  in  length,  when  by  reason  of  the  intensified  combustion, 
the  increased  furnace  temperature,  and  accordingly  the  higher  downtake  tem¬ 
perature,  the  required  increase  in  superheat  was  obtained,  effecting  a  material 
reduction  in  the  fuel  consumption. 

When  it  is  borne  in  mind  that  grates  6  ft.  long  are  almost  invariably  found  to 
be  imperfectly  covered,  even  when  fuel  is  being  burned  at  the  rate  of  from  15  lbs.  to 
25  lbs.  per  square  foot,  of  grate  per  hour,  it  is  very  difficult  to  understand  how 
any  one  can  reasonably  expect  to  keep  a  grate  of  equal  area  covered  when  only 
burning  at  the  rate  of  7  lbs.  per  square  foot  of  grate  per  hour. 

AATiile  excessive  grate  area  is  an  all  too  common  fault  uith  hand  fired  boilers, 
it  must  not  be  assumed  that  in  this  important  respect  mechanical  stokers  are  perfect. 

In  some  cases  mechanical  stokers  as  applied  to  Lancashire  boilers  are  provided 
Avith  grates  much  too  long  with  a  view  to  ensuring  the  complete  combustion  of 
the  fuel  before  it  leaves  the  grate. 

Even  if  this  is  accomphshed,  which  is  not  always  the  case,  because  it  depends 
upon  the  fuel  and  various  other  factors,  the  grate  at  a  point  about  5  ft.  from  the 
front  will  very  often  be  found  to  be  very  thinly  covered  rvith  fuel,  ash,  or  clinker. 

In  some  cases  the  grate  at  this  point  and  beyond  is  bare.  Almost  invariably 
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Antli  long  grates  tlie  excess  of  air  passing  through,  at  the  back  end  is  very  heavy 
and  is  directly  responsible  for  a  very  heavy  loss  in  efficiency  and  a  serious  waste 
of  fuel. 

The  shortening  of  grates  offers  to  the  steam  user  a  simple  and  ready  means  of 
effecting  a  substantial  reduction  in  fuel  consumption  in  a  very  considerable  number 
of  cases,  and  this  with  the  minimum  of  trouble  and  expense. 

The  Loss  due  to  Excess  of  Air. — The  loss  due  to  excess  air  is  one  of  the  most 
serious,  if  not  the  most  serious  of  all  losses  in  steam  boiler  operation.  It  has  already 
been  referred  to,  but  its  importance  is  such  that  it  is  felt  desirable  to  summarise 
the  contributory  causes  of  excess  air  admission  thus  : — 

Furnace  losses  due  to  : — 

(а)  Grates  of  excessive  length. 

(б)  Grates  not  uniformly  or  evenly  covered  with  fuel. 

(c)  Fires  too  thin. 

{d)  Holes  in  the  fires. 

(e)  The  use  of  coal  too  large  in  size  to  permit  of  properly  covering  the  air 
interstices.  Coal  should  be  broken  dovm  to  from  3  to  4  in.  cube. 

(/)  Shcing  fires  too  frequently. 

{(j)  Unnecessary  raking  of  fires. 

(h)  Carelessness  in  cleaning  fires. 

(i)  Failure  to  use  dampers  to  regulate  the  draught. 

(/)  Firing  through  two  doors  in  rapid  succession  instead  of  alternately  at 
intervals. 

(A)  Badly  fitting  or  warped  furnace  fronts  and  fire  doors. 

[1)  Excessive  draught. 

(w)  Failure  to  regidate  the  draught  or  air  supply  to  the  size  of  the  fuel  and 
the  thickness  of  the  fire. 

(n)  Cracks  in  furnace  brickwork. 

(o)  Cracks  or  crevices  at  metal  joints  in  brickwork. 

(p)  Badly  fitting  cleaning  out  or  access  doors. 

Boiler  losses  due  to  : — 

(а)  Cracks  in  the  brickwork  setting  due  to  expansion  and  contraction. 

(б)  Crevices  at  metal  joints  in  brickwork. 

(c)  Openings  between  boiler  shell,  or  drums,  and  brickwork. 

(d)  Badly  fitting  dampers. 

(e)  Badly  fitting  cleaning  out  or  access  doors. 

Trivial  or  unimportant  as  some  of  the  individual  causes  may  appear,  they 
are  nevertheless  responsible  in  the  aggregate  for  an  enormous  and  unnecessary 
waste  of  fuel. 

In  all  cases  where  the  thermal  efficiency  obtained  is  low,  investigation  will 
show  that  this  is  usually  not  due  to  any  single  cause,  but  to  a  combination  of 
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causes,  and  in  many  cases  the  most  serioiLs  causes  of  waste  and  inefficiency  can 
be  remedied  with  but  a  trifling  expenditure  and  the  minimum  of  trouble. 

Combustion  Space. — High  volatile  fuels  are  extensively  used  for  the  generation 
of  steam  under  unsuitable  conditions.  Fuels  of  tliis  kind  demand  for  their  efficient 
use  considerably  more  combustion  space  than  has  yet  been  generally  realised. 

With  water  tube  boilers  it  is  possible  to  so  set  the  boiler  that  any  high 
volatile  fuel  can  be  efficiently  utihsed.  The  present  tendency  is  to  ])ro^^de  a  far 
larger  combustion  space  than  hitherto,  and  in  connection  vath  many  modern 
installations  it  is  evident  that  the  improved  setting  does  sub.stantially  increase 
the  efficiency  obtained. 

With  internally  fired  boilers,  such  as  those  of  the  Lancashire  and  Cornish  t\'pes, 
the  combustion  space  can  only  be  increased  rvithin  very  small  limits  by  loweiing 
the  grate  level. 

If.  as  is  shown  with  water  tube  boilers,  the  increased  combustion  space  is 
necessary  in  order  to  obtain  the  highest  efficiency  with  high  volatile  friels,  then 
it  must  necessarily  follow  that  an  internally  fired  boiler  with  but  a  limited  com¬ 
bustion  space  does  not  present  the  most  suitable  conditions  for  burning  similar 
fuels. 

This  suggests  the  desirability  of  using  for  internally  fired  boilers  fuels  with  a 
lower  volatile  content,  and  it  is  for  this  reason  that  Lancashire  boilers,  fired  with 
bituminous  coal  having  from  10  to  20  per  cent,  of  volatile  content,  Welsh  steam 
coal,  and  coke,  usually  show  a  higher  efficiency  than  when  a  high  vol  .tile  fuel  is  used. 

The  conditions  presented  in  the  limited  combustion  space  provided  with 
Lancashire  and  Coinish  toilers  cannot  be  said  to  be  suitable  for  the  efficient 
combustion  of  the  highest  volatile  fuels,  and  the  more  general  recognition  of 
this  will  be  a  definite  step  towards  the  avoidance  of  waste,  and  the  prevention 
of  smoke. 


CHAPTER  XIII 


STEAM  BOILER  AND  BOILER  HOUSE  EQUIPMENT 

In  tlie  two  pre\aous  cliapters  steam  boilers  have  been  discussed,  as  also  their 
ecpiipment  for  the  efficient  burning  of  low  grade  and  waste  fuels.  In  this  chapter 
it  is  proposed  to  discuss  boiler  and  boiler  house  accessories,  ha\dng  for  their  object 
the  promotion  of  efficiency  and  ecoiromy  in  the  use  of  furnaces  and  fuel  for  steam 
generation,  as  also  apparatus  for  determining  the  sources  of  waste  and  loss  and 
their  extent. 

While  much  depends  upon  the  provision  of  srutable  accessories,  it  is  scarcely 
necessary  to  observe  that  much  more  depends  upon  their  intelhgent  operation. 
It  is  possible  to  spend  a  considerable  arrrouirt  of  money  upon  such  equipment, 
vuthout  securing  a  return  in  increased  efficiency  in  airy  way  commensurate  uith 
the  expenchture. 

Without  suitable  apparatus  it  is  useless  to  look  for  anything  but  irregular 
and  spasmodic  efficiency  at  the  best.  With  suitable  apparatus  it  is  ecprally  useless 
to  look  for  efficient  results,  unless  the  apparatus  installed  is  understood  and 
operated  with  care. 

Efficiency  in  operation  does  not  entirely  depend  upon  the  provision  of  suitable 
accessories  and  their  use,  but  rather  upon  the  close  study  and  apphcation  of 
the  lessons  taught,  the  deductions  to  be  made,  as  also  upon  the  keeping  of 
constant  records. 

In  an  excellent  handbook,  entitled  “  Boiler  Inspection  and  Maintenance,'’  ^  by 
Mr  R.  Clayton,  boiler  house  operation  is  thus  referred  to  : — 

“  Mdiilst  carelessness  and  incapacity  amongst  plant  attendants  is  not  uncommon, 
the  boiler  owner  himself  must  be  indicted  of  being  largely  responsible  for  the 
neglect  of  boiler  house  plant — ireglect  which  rmfortunately  is  much  in  evidence. 
Boiler  ovurers  as  managers  of  their  orvui  power  plants  seem  too  prone  to  regard  their 
boiler  house  as  a  ‘  non-productive  departnrent,’  which  must  be  tolerated  as  a 
necessary  evil ;  whereas  the  more  correct  attitude  is  surely  to  consider  it  as  a  factory 
in  itself,  whereiir  the  raw  nraterials  are  air,  coal,  and  water,  and  the  finished  product 
is  steam  of  a  giveir  quahty. 

“  It  is  a  singular  fact  that  whilst  he  will  often  strive  after  the  last  quarter  of 
a  pound  of  steam  per  horse-power  in  his  engine  room,  the  boiler  owner  has  but  the 
haziest  notioir,  say,  of  the  calorific  value  of  the  fuel  which  he  buys  and  burns  in 
hundreds  or  thorrsairds  of  tons  per  annum. 

“  In  like  manner,  whilst  he  is  able  to  appreciate  the  capitalised  value  of  such 
1  “  Boiler  Inspection  and  Maintenance,”  by  R.  Clayton,  1921. 
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renewals  and  repairs  as  are  effected,  he  is  not  always  able  to  appreciate  that  the  latter 
might  very  likely  be  halved  or  even  decimated,  by  (piite  a  moderate  amount  of 
thorough  and  systematic  attention  to  supervision.” 

Broadly  speaking,  there  are  only  two  ways  in  which  the  avoidable  waste  of 
coal  can  be  stopped.  Consumers  must  either  be  compelled  to  burn  coal  efficiently, 
or  be  educated  up  to  it.  Com])ulsion  or  control  in  industrial  operation  is  most 
undesirable. 

The  only  logical  alternative  is  to  so  educate  the  steam  user  that  he  is  able 
to  realise  that  as  ordinarily  practised,  the  burning  of  coal  is  inefficient,  wasteful, 
and  unnecessarily  expensive,  unless  under  expert  guidance  or  control. 

The  scientific  control  of  boiler  house  operation,  and  the  provision  of  suitable 
equipment,  has  been  advocated  for  many  years  past  by  engineers  who  have  realised 
the  enormous  scope  for  economy,  but  as  already  observed  in  a  previous  chapter, 
we  are  still  face  to  face-with  avoidable  waste  to  an  extent  which  is  almost  incredible. 

Some  boiler  accessories,  such  as  mechanical  stokers,  have  already  been  discussed, 
it  is  therefore  unnecessary  to  further  discuss  the  same  at  any  length.  This  to  a 
large  extent  applies  to  firing  equipment  generally.  The  main  point  to  be  emphasisefl 
here,  is  that  the  efficient  performance  of  a  steam  boiler  is  to  a  large  extent  determined 
by  the  suitability  and  efficiency  of  the  firing  equipment  provided,  and  the  degree 
of  efficiency  in  its  operation. 

With  skilled  op  ration  it  is  possible  to  obtain  a  very  fair  ultimate  efficiencv 
with  a  comparatively  poor  furnace  equipment  and  a  low  grade  fuel.  On  the  other 
hand  it  is  equally  possible  with  unskilled  or  indifferent  operation  and  lack  of  control, 
to  obtain  a  very  low  efficiency,  even  with  the  most  suitable  and  efficient  apparatus 
and  the  best  fuel.  It  is  useless  to  ignore  the  fact  that  accessories  and  apparatus 
of  the  highest  class  are  but  the  means  of  obtaining  and  maintaining  efficiency. 
Without  intelligent  operation,  without  continuous  and  systematic  apjdication. 
without  close  and  skilled  supervision,  control,  and  management,  it  is  not  possible 
to  maintain  high  thermal  efficiency.  Therefore  ultimate  efficiency 

=ExH 

where  E  =  equipment,  and 
H= human  element. 

In  the  United  States  it  has  been  said  that  “  it  is  one  thing  to  stop  waste,  but  it  is 
another  thing  to  keep  waste  stopped.”  There  is  an  obvious  truth  in  this.  Spasmodic 
effort  means  at  the  best  spasmodic  efficiency,  and  avoidable  waste  will  not  be 
eliminated  by  this  method. 

The  Raw  Materials. — The  raw  materials  to  be  dealt  with  are  air,  coal,  and  water. 
The  whole  of  the  equipment  required  is  necessary  to  so  handle  and  control  these  at 
all  stages  in  their  use  and  condition,  that  the  finished  product — steam — is  obtained 
continuously  at  the  lowest  possible  coat. 

Air  Suppli/. — Among  the  most  important  of  all  accessories  is  means  for  obtaining 
the  necessary  air  supply.  AAhether  chimney  or  natural  draught  is  used  or 
alternatively  forced,  induced,  or  suction  draught,  is  mainly  a  matter  of  choice. 
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circiimstances,  or  conditions.  The  important  points  are  that  the  draught  or  air 
supply  must  be  adequate  and  efficient. 

The  ideal  draught  is  that  which  permits  of  the  maintenance  of  a  constant 
relation  between  the  weight  of  fuel  used,  and  that  of  the  air  supjjlied,  under 
all  combustion  conditions.  Judged  by  this  standard  the  ordinary  chimney  is  a 
complete  failure. 

There  is  no  more  wasteful  and  inefficient  system  of  air  supply  than  so-called 
natural  or  chimney  draught,  of  which  it  may  be  said,  the  greater  the  waste  the 
better  the  draught.  In  other  words,  the  higher  the  temperatirre  of  the  gases  entering 
the  chimney  the  sharper  the  draught. 

While  it  must  be  admitted  that  a  well-built  chimney  has  a  long  life  and  a  low 
maintenance  cost,  while  also  possessing  the  merit  of  simplicity,  yet  chimney  troubles 
are  not  infrequent,  although  usually  traceable  to  very  simple  causes,  some  of  which 
it  may  be  worth  while  to  enumerate  : — • 

(1)  A  deficiency  of  draught  is  frequently  caused  by  coimecting  up  an  additional 
boiler,  or  boilers,  to  a  chimney  originally  designed  for  the  boilers  first  installed,  and 
having  insufficient  sectional  area  for  additional  boilers. 

(2)  Baffling  due  to  the  connecting  up  of  flues  to  a  chimney  in  such  a  manner  that 
the  gases  from  two  or  more  flues  are  not  divided  at  the  chimney  base  by  means 
of  a  mid-feather  wall. 

(.3)  Flues  of  insufficient  sectional  area. 

(4)  Water  or  dampness  in  the  flues. 

(5)  Sharp  bends  or  sudden  changes  of  sectional  area  in  the  flues. 

(6)  The  installation  of  economisers. 

(7)  Air  infiltration,  due  to  faulty  brickwork,  or  badly  fitting  doors,  with  a 
consequent  dilution  and  cooling  of  the  gases. 

(8)  The  building  of  fire  bridges  too  high. 

It  is  frequently  found  that  the  condition  of  brickwork  settings  is  responsible 
for  a  serious  reduction  in  the  draught,  as  the  result  of  air  infiltration  through  cracks 
and  openings  due  to  expansion  at  points  where  frames  and  doors  are  built  into  the 
setting,  and  also  at  the  dampers. 

Periodical  examination  of  the  brickwork  externally  is  necessary,  and  all  cracks 
and  openings  should  be  carefully  and  thoroughly  closed.  The  effect  upon  the 
draught  and  the  fall  in  efficiency  due  to  air  infiltration  are  out  of  all  proportion  to 
the  little  trouble  and  expense  involved  in  ensuring  tight  brickwork. 

It  is  desirable  to  examine  the  brickwork  settmg  internally,  with  a  view  to 
ascertaining  if  there  is  any  short  circuiting  of  the  gases.  Air  leakage  between  the 
front  cross  wall  and  the  boiler  shell  is  frequently  found.  Short  circuiting  of  the 
gases  at  the  downtake  is  also  commonly  found  with  Lancashire  and  Cornish  boilers, 
where  cracks  develop  in  the  back  wall  and  also  at  the  side  walls  of  the  setting. 

AVith  water  tube  boilers  the  condition  of  the  brickwork  setting,  as  also  the 
internal  baffles,  have  a  marked  effect  upon  the  working  efficiency.  External  brickwork 
faults  may  be  remedied  in  precisely  the  same  manner  as  already  referred  to.  Leakages 
through  baffles,  sometimes  due  to  movement,  breakage,  or  a  baffle  having  fallen 
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out  of  position,  can  only  be  detected  by  complete  examination.  In  connection  with 
large  water  tube  boilers  there  is  now  an  increasing  tendency  to  use  insulated  ste»*l 
])late  casing,  which  renders  uirnecessary  all  brickwork  with  the  exception  of  the 
refractory  lining.  This  method  of  setting  is  very  efficient,  and  to  a  large  extent 
])revents  the  losses  already  referred  to  in  connection  with  brickwork  setting. 

It  will  be  obvious  that  in  any  serious  attempt  to  .secure  the  highe.st  thermal 
efficiency  it  is  important  to  discharge  the  products  of  coml)u.stion  from  the  chimney 
at  the  lowest  temperature  practicable,  i.e.  to  utilise  the  maximum  percentage  of  the* 
heat  units  in  the  gases.  That  this  is  not  possible  under  chimney  draught  conditions 
is  beyond  question.  It  is  clearly  recognised  that  the  term  “  chimney  loss  ”  is  only 
another  way  of  indefinitely  stating  the  price  which  has  to  be  paid  for  ])roviding 
the  draught. 

Under  ordinary  or  average  conditions  the  chimney  loss  may  be  from  IG  j)er  cent, 
to  25  per  cent.,  or  even  more  under  bad  conditions,  and  when  other  heat  losses  have 
been  reduced  to  the  lowest  possible  level,  a  constant  loss  at  the  chimney  has  still 
to  be  faced. 

The  following  Table,  No.  39,  will  be  of  interest  as  showing  the  various  heat  losses 
under  good  average  operating  conditions.  It  will  be  observed  that  in  this  case  no 
less  than  52  per  cent,  of  the  total  loss  is  represented  by  the  chimney  loss. 

TABLE  No.  39 

(1)  Losses  greatly  affected  by  Operation 

Percentage  of 
total  lieat  of 
fuel. 

(«)  Loss  due  to  heat  carried  away  in  the 

flue  gases  .  .  .  .  .16-37  per  cent. 

(6)  Loss  due  to  unburned  CO  .  .  .  1-78 

(c)  Loss  due  to  unconsumed  carbon  in  ash  .  4-75  ,, 

22-90 

(2)  Losses  not  primarily  due  to  Operation 

(d)  Loss  due  to  moisture  in  coal  .  .  0-35  per  cent. 

(e)  Loss  due  to  moisture  formed  in  burning 

the  coal  ......  3-26  , 

(j)  Losses  due  to  radiation  and  unaccounted 

for  .  .  .  .  .  .  .  4-91  „ 

31-42  ,  100-00  „ 

While  the  foregoing  table  shows  the  losses  under  good  average  operating  conditions. 
Fig.  142  shows  the  losses  in  the  proportions  which  are  more  commonly  found,  and 
more  particularly  the  chimney  loss. 


Percentage  of 
total  los.s. 


52  per  cent. 
5-8 
15-1 


72-9 


1-1  per  cent. 
10-4 
15-6 
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In  Table  No.  40  is  shown  the  boiler  efficiency  with  exit  gases  at  temperatures 
from  300°  to  750°  Fahr.,  and  CO2  percentages  from  15  to  5  per  cent. 

Induced  or  Suction  Draught. — The  most  convincing  evidence  in  favour  of 
mechanical  draught  as  compared  with  chimney  draught  is  found  in  the  fact  that 
in  generating  stations,  and  also  in  other  industries  where  the  highest  thermal 
efficiency  is  sought,  the  use  of  chimney  draught  has  to  a  large  extent  been  abandoned. 
In  the  installation  of  modern  boiler  units  the  almost  invariable  practice  is  to  provide 
a  complete  mechanical  draught  plant,  either  for  each  individual  boiler,  or  alter¬ 
natively  for  each  pair  of  boilers. 

The  saving  effected  is  much  in  excess  of  the  cost  of  operation  of  the  draught 
plant,  in  addition  to  which  a  range  in  flexibility  and  control  is  provided  which  is 


Heat  Utilised,  56  % 


Flue  Gases 
to  Chimneu 


Fig.  142. — Gr.cph  showing  Combustion  Losses. 


impossible  with  chimney  draught.  Thicker  fires  may  be  used,  with  the  result  that 
excess  air  is  reduced,  and  as  compared  with  chimney  draught  the  operation  of  the 
plant  is  not  adversely  affected  by  external  or  atmospheric  conditions.  In  Fig.  143 
is  shown  the  chimney  loss  wdth  exit  temperatures  varying  from  200°  to  700°  Fahr., 
and  a  CO.^  content  varying  from  5  to  15  per  cent. 

With  induced  draught  the  fan  has  not  only  to  carry  away  to  the  chimney  the 
whole  of  the  products  of  combustion,  but  also  to  provide  the  whole  of  the  air  supply, 
maintaining  a  sufficient  suction  throughout  the  boiler  and  its  connections  to  over¬ 
come  the  resistance  of  the  grate  and  the  fuel  bed. 

One  defect  of  induced  draught  is  in  the  constant  liability  to  loss  through  air 
infiltration  at  all  cracks  and  openings.  While  this  is  a  defect  with  chimney  draught, 
it  is  more  serious  with  induced  draught,  and  accordingly  demands  greater  vigilance. 

Apart  from  entirely  new  and  complete  installations,  usually  comprising  in 
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addition  to  the  draught  plant  a  comparatively  small  steel  cliimney,  induced  draught 
has  been  extensively  adopted  in  coimection  with  existing  chimneys  for  overcoming 

deficiency  in  draught,  as  also  for 
the  utilisation  of  low  grade  fuels. 

Forced  Drawjht.  —  Forced 
draught  ap[)aratu.s  may  be 
divided  into  two  di-stinct  grouj)s, 
the  one  comprising  steam  or 
motor  driven  fans,  the  other 
steam  jet  blower  furnaces. 

While  with  induced  drauglit 
the  ashpits  are  open,  with  forced 
draught  they  are  closed,  the  air 
supply  being  delivered  into  the 
ashpits  and  forced  through  the 
fires. 

In  actual  steam  coiLsumption 
it  is  usually  more  economical  to 
use  a  fan  than  steam  jet  blowers, 
particularly  is  this  the  case  in 
all  installations  where  more  than 
one  boiler  is  used.  In  the  low 
cost  of  the  apparatus,  in  sim¬ 
plicity,  reliability,  and  in  fur¬ 
nace  maintenance  cost  the 
forced  draught  furnace  has  the 
advantage. 

Both  types  of  forced  draught 
have  been  extensively  adopted 
for  the  utilisation  of  low  grade 
fuels,  and  for  overcoming  defec¬ 
tive  chimney  draught,  but  neither 
can  be  compared  with  induced 
or  suction  draught  in  efficiency 
because  they  do  not  dis2)lace 
chimney  draught ;  ample  draught 
cajjacity  is  still  required  to  take 
away  the  products  of  combustion. 
Balanced  Drauglit. — In  connection  with  many  of  the  larger  installations  balanced 
draught  is  now  used,  comprising  both  induced  and  fan  forced  draught,  operating 
in  combination  and  under  careful  regulation  and  control. 

Prat  Induced  Draught. — The  important  j^oints  of  difference  between  Prat 
induced  draught  and  other  systems  of  direct  suction  draught  (commonly  termed 
induced  draught)  are  as  follows  : — 
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Fig.  143. — Di.4gra.\i  showing  Chimney  Loss,  with 
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With  the  latter  system  the  whole  of  the  hot  gases  pass  through  the  fan,  and 
travel  thence  to  the  chimney.  This  involves  not  only  a  larger  fan  than  is  required 


Fig.  144. — Prat  Induced  Draught. 


with  the  Prat  system,  but  also  considerably  more  power  for  driving  the  fan,  in 
addition  to  which  the  benefit  of  the  natural  draught  is  lost. 

As  will  be  observed  upon  reference  to  the  illustrations.  Figs.  144  and  146,  the 
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form  of  the  chimney  used  with  the  Prat  system  is  freely  divergent,  and  as  no  damper 
is  used  the  resistance  of  the  circuit  of  the  gases  is  practically  unchanged  ;  further, 
while  the  fan  is  in  use  the  benefit  of  the  natural  draught  is  retained. 

Only  a  small  proportion  of  the  total  volume  of  hot  gases  j)ass  through  the  fan, 
this  small  volume  being  used  to  accelerate  the  flow  of  the  main  volume  of  the  gases. 
The  Heating  of  Air  for  Combustion. — The  employment  of  heated  air  for  com- 


Fig.  145. — Cross  Section  through  a  Boiler  House,  showing  Pr.4.t  Draught. 


bustion  has  been  advocated  for  many  years  past,  its  advantages  are  such  as  to  be 
beyond  question,  but  it  has  yet  to  come  into  extensive  use.  For  the  utilisation  of  low 
grade  and  waste  fuels  the  use  of  heated  air  for  combustion  is  of  much  importance. 

Any  consideration  of  means  for  increasing  the  thermal  efficiency  of  steam 
boilers  would  be  incomplete  without  some  reference  to  the  utilisation  of  waste  heat 
for  pre-heating  the  air  supply  for  combustion. 

In  1881  and  1882  Mr  J.  C.  Hoadley  and  Mr  Fred.  H.  Prentiss  carried  out 
exhaustive  tests  in  air  heating  at  the  Pacific  Mills,  Lawrence,  Mass.,  U.S.A.  Complete 
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details  of  these  tests  will  be  found  in  Volume  6  (1884-85)  of  the  “  Transactions  of 
the  American  Society  of  Mechanical  Engineers.” 

For  these  comparative  tests  three  horizontal  return  tube  boilers  of  the  same 
size  were  used,  two  of  which  were  provided  with  air  heaters.  The  air  heater  for 
one  boiler  comprised  240  horizontal  2-in.  tubes,  each  tube  being  placed  inside  a 
3-in.  sheet-iron  tube,  the  latter  being  embedded  in  mortar. 

TABLE  No.  40 

Boiler  Efficiency  with  Exit  Gases  at  Temperatures  of  from  300°  F.  to  750°  F.  and 

CO 2  percentage  from  15  to  5  per  cent. 

Percentage  of  COj  by  volume. 

Tem- 


jierature 
of  exit 
gases. 

15 

lier 

cent. 

14 

per 

cent. 

13 

per 

cent. 

12 

per 

cent. 

11 

per 

cent. 

10 

per 

cent. 

9 

per 

cent. 

8 

per 

cent. 

7 

per 

cent. 

6 

per 

cent. 

5 

per 

cent. 

300°  F. 

80-25 

79-9 

79-5 

79-0 

78-5 

78-0 

77-0 

76-0 

74-75 

73-0 

70-0 

350°  „ 

79-0 

78-7 

78-25 

77-75 

77-0 

76-0 

75-0 

74-0 

72-25 

70-0 

67-0 

400°  „ 

78-0 

77-5 

76-75 

76-0 

75-25 

74-25 

73-0 

71-75 

70-0 

67-5 

63-5 

450°,, 

76-75 

76-0 

75-5 

74-75 

73-75 

72-5 

71-0 

69-5 

67-5 

64-5 

60-25 

500°  „ 

75-5 

74-75 

74-0 

73-25 

72-0 

70-75 

69-5 

67-75 

65-0 

62-0 

,57-0 

550°,, 

74-25 

73-5 

72-75 

71-75 

70-5 

69-0 

67-75 

65-5 

62-75 

59-0 

53-75 

600°  „ 

73-0 

72-25 

71-25 

70-25 

69-0 

67-5 

65-75 

63-25 

60-0 

56-0 

50-25 

650°,, 

71-9 

71-0 

70-0 

69-0 

67-5 

65-75 

63-75 

61-0 

58-0 

53-5 

47-0 

700°,, 

70-7 

69-75 

68-75 

67-5 

66-0 

63-75 

62-0 

59-0 

55-5 

50-75 

44-0 

750°,, 

69-5 

68-75 

67-5 

66-0 

64-0 

62-0 

60-0 

57-0 

53-0 

48-0 

41-0  ' 

The  flue  gases  were  passed  through  the  2-in.  tubes,  while  the  air  supply  for 
combustion  was  drawn  through  the  annular  space  between  the  2-in.  and  3-in.  tubes. 

The  second  or  alternative  air  heater  was  made  up  of  2-in.  tubes  for  the  passage  of 
the  gases,  but  outer  tubes  were  not  used.  Instead  sheet -iron  baffles  were  so  arranged 
as  to  guide  the  air  supply  across  the  external  surfaces  of  the  tubes  several  times. 

Some  average  residts  obtained  during  these  tests  were  as  follows  : — 

T.  -1  Ty  -1  -NT  Boiler  No.  3, 

Boiler  Boiler  No. 


No.  1,  air  heater  with  single 

without  with  outside 

air  heater.  tubes.  baffles 

Temperature  of  external  air,  degrees  E.  .  .  78  34  49 

Temperature  of  air  supphed  to  furnace,  degrees  F.  78  337  334 

Temperature  of  gases  leaving  boiler,  degrees  F.  .  368  397  377 

Temperature  of  gases  leaving  heater,  degrees  F.  . .  189  164 

Efflciency,  corrected  for  differences  in  tempera¬ 
ture  of  external  air,  per  cent.  .  .  .  68-9  78-2  814 

Percentage  saved  over  operation  vuthout  heater  ..  11 ‘9  154 


STEAM  BOILER  AND  BOILER  HOUSE  EQITLMEN'r  277 


Briefly  summarised  the  advantages  of  using  liot  air  for  comlmstion  mav  he 
stated  as  follows  : — 

(1)  The  utilisation  of  a  large  proportion  of  the  heat  units  contained  in  the 
gases  which  otherwise  would  be  discharged  from  the  chimney. 

(2)  In  facilitating  the  combustion  of  cheap,  low  grade,  and  high  moisture  fuels, 
also  in  considerably  reducing  the  proportion  of  unconsumed  carbon  in  the  riddlings 
and  ash. 

(3)  In  increasing  the  combustion  temperature,  and  accordingly  the  furnace  and 
boiler  efficiency. 

The  sensible  heat  represented  in  the  chimney  loss  is  given  in  the  formula  :  — 


in  which 


a 

T  =temperature  of  the  gases  in  degrees  F. 

/  ^temperature  of  the  surrounding  atmosphere. 
ft=C02  by  volume  in  the  flue  gases. 


Fig.  143  shows  graphically  that  the  losses  to  the  chimney  vary  chrectly  as  the 
temperature  of  the  gases,  and  inversely  as  the  percentage  of  COg  in  the  gases. 

Hence  it  will  be  evident  that  to  reduce  this  loss  to  the  minimum  the  COo  content 
of  the  gases  must  be  high,  and  the  temperature  of  the  gases  mu.st  be  reduced  to 
the  minimum  practicable. 

The  heating  of  air  by  means  of  waste  gases  involves  the  use  of  mechanical 
draught,  i.e.  suction  or  induced  draught ;  this  is  necessary  because  of  the  reduction 
of  the  temperature  of  the  gases  passing  through  the  air  heater. 

The  advantages  of  using  heated  air  are,  as  already  observed,  not  confined  to 
the  obvious  gain  derived  from  the  addition  to  the  furnace  temperature  of  the  heat 
abstracted  from  the  waste  gases. 

The  use  of  hot  air  in  the  furnace  improves  the  combustion  by  promoting 
chemical  action,  hot  air  giving  a  more  rapid  reaction  and  a  higher  furnace  tempera¬ 
ture.  The  effect  upon  the  hydrocarbon  gases  is  very  marked.  Further,  with  the 
use  of  hot  air  it  is  found  that  the  excess  air  can  be  reduced,  with  a  correspondingly 
higher  percentage  of  COg  in  the  gases.  The  increase  of  furnace  temperature  may 
be  said  to  correspond  to  the  increase  of  the  CO2  content. 

In  the  combustion  of  high  moisture  fuels  the  use  of  hot  air  is  very  advantageous. 
Many  years  since  it  was  demonstrated  in  connection  with  refuse  destructors  that 
the  use  of  a  regenerator  or  recuperator  for  heating  the  air  supply  for  combustion 
greatly  improved  the  results  obtained. 

Towns’  refuse  may  be  regarded  as  a  low  grade  and  liigh  moisture  fuel,  having 
in  mind  that  the  average  composition  is  about  one-third  each  of  moisture,  incom¬ 
bustible  and  combustible. 

Experience  has  showm  that,  as  a  general  rule,  the  decrease  in  the  final  gas 
temperature  from  a  boiler  is  about  20  per  cent,  of  the  increase  in  the  initial  furnace 
temperature,  due  to  the  use  of  heated  air,  i.e.  an  increase  of  100°  F.  in  furnace 
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temperature  produces  a  final  gas  temperature  wliicli  is  reduced  by  20  per  cent., 
assuming  that  tbe  boiler  load  remains  constant. 

Another  important  point  is  the  increase  in  the  radiant  heat  transmission  due 
to  increased  furnace  temperature.  With  certain  types  of  boilers  the  transmission 
of  radiant  heat  to  the  two  bottom  rows  of  tubes,  representing  from  5  to  10  per 
cent,  of  the  total  heating  surface,  is  about  40  per  cent,  of  the  total  heat  in 
the  fuel. 

The  limitations  in  furnace  temperature  are  governed  by  the  fusion  point  of 
the  ash,  excessive  wear  and  tear  wdth  the  brickwork,  as  also  the  srdtabihty  of 
the  mechanical  stoker,  but  as  a  general  rule  the  furnace  temperature  could  be 
advantageously  increased  by  the  employment  of  heated  air,  to  the  extent  of,  say, 
200°  F.,  without  introducing  any  material  difficulty  in  connection  vdth  ash,  brick¬ 
work  or  the  furnace.  The  heat  transmitted  by  radiation  for  an  absolute  tem¬ 
perature  of  2730°  F.  is  about  30  per  cent,  greater  than  that  corresponding  to 
an  absolute  temperature  of  2.530°  F. 

The  importance  of  securing  and  maintaining  a  high  furnace  temperature  is 
thus  referred  to  by  Izart  in  his  excellent  work,  “  Methodes  economiques  de  com¬ 
bustion  dans  les  Chaudieres  a  vapeur.”  ^ 

“  In  a  steam  boiler  it  is  impoidant  to  maintain  a  high  furnace  temperature, 
as  the  rate  of  heat  transmission  through  the  plates  is  directly  proportional  to  the 
difference  in  temperature  between  the  two  sides  ;  that  is  to  say,  between  the 
temperature  of  the  water  on  the  inside  and  the  furnace  gases  on  the  outside.  It 
therefore  follows  that  for  a  given  gas  velocity  in  the  furnace,  the  more  the  tempera- 
tiire  is  increased  the  more  heat  passes  in  the  same  time  to  the  water  in  the  boiler, 
and  consequently  less  loss  of  heat  to  the  chimney.  In  short,  the  coal  would  be  better 
utihsed.  Besides  tliis  important  effect,  a  high  temperature  assures  the  combustion 
of  the  gases  of  distillation  from  the  coal  in  the  furnace.  These  combustible  gases 
have  in  general  a  high  ignition  temperature,  and  if  the  furnace  temperature  is 
relatively  low,  or  if  they  shordd  come  too  rapidly  in  contact  with  the  plates  of  the 
boiler,  they  mil  pass  to  the  chinmey  unburned  and  cause  additional  loss. 

“  Thus  the  coohng  of  boiler  furnace  by  excess  air  is  not  only  bad  because 
of  the  heat  loss  in  this  excess  air,  but  also  because  the  rate  of  utihsation  of  the  fuel 
is  diminished.” 

The  principal  reason  why  air  heaters  have  not  been  more  extensively  adopted 
in  connection  mth  steam  boiler  installations  are  : — 

(1)  The  advantages  of  using  heated  air  for  combustion  are  not  yet  generally 
appreciated. 

(2)  It  has  been  felt  that  the  highest  economy  woidd  be  secured  by  utihsing 
waste  heat  for  heating  feed  water. 

(3)  A  disinclination  to  so  reduce  the  temperature  of  the  waste  gases  as  to 
render  the  use  of  mechanical  draught  imperative. 

There  are  at  present  four  systems  of  air  heating  on  the  market  in  this  country. 
The  Usco  air  heater,  made  by  The  Underfeed  Stoker  Co.,  Ltd.  ;  the  Thermix  air 

^  See  “  Methodes  economiques  de  combustion  dans  les  Chaudieres  a  vapeur,”  by  Izart. 
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heater  made  by  The  Emile  Prat  Daniel  Co.,  Ltd.,  Paris  ;  the  llowdeu  Ljunpstrom 
svstem,  and  Green’s  air  heater,  made  by  Messrs  E.  Green  &  Sons,  Ltd. 


Fig.  146. — Heating  Element,  The  Usco  Air  Heater. 

The  Usco  Air  Heater. — The  Usco  air  heater  consists  of  a  series  of  plate  elements 
each  of  which  is  a  narrow  semi-circular  plate  box  or  chamber  of  sheet  steel  of  rigid 
construction,  as  shown  in  the  illustrations.  Figs.  146  and  147. 


Fig.  147.— The  Usco  Air  Heater. 

The  air  to  be  heated  is  arranged  to  be  passed  in  a  semi-circular  path  through 
the  elements  while  the  hot  gases  sweep  along  its  outer  surfaces,  the  elements  are 
placed  parallel  to  the  direction  of  the  flow. 
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The  air  space  througlL  an  element  is  about  one  inch  in  width,  and  midway  in 
this  is  placed  a  so-called  thermal  diaphragm  or  radiation  plate  which  it  is  claimed 
very  considerably  increases  the  heating  effect. 

The  complete  air  heater  comprises  an  aggregation  of  the  elements  placed 
parallel  and  suitably  spaced.  The  tops  or  open  ends  of  the  elements  are  so 
joined  together  that  when  connected  to  the  air  conduit  there  is  no  other  possible 
escape  for  the  air  than  through  the  elements. 

The  battery  of  elements  constituting  the  air  heater  is  so  supported  by  a 
rectangular  cast-iron  frame  at  the  top  that  the  elements  are  free  to  expand  in  every 
direction.  The  heater  is  built  into  the  rear  wall  of  a  water  tube  boiler  or  set 


Fig.  148. — The  Theemix  Aik  Heatee,  Heating  Elements. 


between  the  boiler  and  the  chimney.  The  air  to  be  heated  is  propelled  by  a  fan 
through  the  elements  of  the  heater,  while  the  hot  gases  stream  in  thin  parallel  sheets 
between  them. 

The  semi-circular  path  through  which  the  air  travels  through  the  heater  offers 
but  little  resistance  to  its  free  flow,  while  the  furnace  gases  pass  between  the  elements 
in  a  straight  line  and  without  altering  their  direction  of  flow.  For  the  removal 
of  soot  and  ash  from  the  heating  surfaces  of  the  elements  steam  jets  are  used. 

The  Thermix  Air  Heater. — The  Thermix  air  heater,  which  is  illustrated  in 
Figs.  148,  149,  and  150,  is  also  a  plate  or  film  heater,  the  heating  surface  consisting 
of  flat  rectangidar  steel  plates  about  3  mm.  thick  separated  by  distance  pieces, 
which  form  alternate  sections  for  the  passage  of  the  air  and  the  gases. 

The  distance  between  the  heating  surfaces  is  about  one  inch.  Flexible  con¬ 
nections  in  the  form  of  spirals  are  used  to  join  the  distance  pieces  together,  and 
while  these  afford  a  free  passage  for  the  gas  and  air,  they  exert  a  pressure  at  right 
angles  to  the  plates,  and  give  a  rigid  connection  between  the  gas  and  air  elements. 
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Tests  of  flue  gases  made  in  front  and  beliind  these  heaters  have  shown  that  there 
is  no  leakage. 

The  construction  and  general  arrangement  of  the  Thermix  air  heater  is  clearly 
shown  in  Figs.  148  and  149.  As  to  the  efficiency  of  film  heating  for  air  there 
can  be  no  question.  As  will  be  generally  known  the  co-efficient  of  transmission 
increases  with  increased  velocity.  The  suggested  velocity  with  Thermix  heaters 
is  30  ft.  per  second  against  a  velocity  through  economisers  which  rarely  exceeds 
5  ft.  per  second. 

Fig.  150  is  a  sectional  \dew  of  a  boiler  installation  in  an  important  munici])al 
electricity  works,  showung  Thermix  air  heaters  installed  in  combination  with 


Fig.  149. — The  Theemix  Air  Heater. 


Prat  draught.  Comparative  evaporative  tests  made  by  the  Paris  Steam  Users’ 
Association  on  a  small  Bellville  boiler  showed  a  saving  in  fuel  of  13  per  cent,  and 
an  increased  boiler  output  of  16  per  cent,  when  using  the  Ihermix  heater. 

At  the  new  Gennevilhers  Power  Station,  Paris,  six  of  these  heaters  are  in  use, 
two  of  18,800  sq.  ft.  of  heating  surface  each,  and  four  of  12,350  sq.  ft.  each. 

There  are  distinct  indications  that  within  the  next  few  years  a  very  considerable 
advance  will  be  made  in  the  use  of  heated  air  for  combustion.  The  insistent 
demand  for  higher  thermal  efficiency,  the  attainment  of  which  depends  upon  im¬ 
proved  combustion  conditions,  increased  heat  transmission,  the  reduction  of  chimney 
loss,  as  also  the  reduction  of  the  loss  due  to  unconsumed  carbon  in  the  riddlings 
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Fig.  150. — Ceoss  Section  thkough  Boilee  House  at  a  Geneeating  Station,  showing 
Aeeangement  of  Peat  Draught  and  Theemix  Air  Heaters. 
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and  ash,  individually  and  collectively  can  only  be  adequately  met  by  the  use  of 
heated  air  for  combustion. 

In  the  efiective  utilisation  of  waste  beat,  and  in  the  reduction  of  the  temj)era- 
ture  of  the  exit  gases  to  an  extent  which  is  not  practicable  with  an  economiser, 
owing  to  the  space  occupied,  and  the  capital  cost,  the  much  more  compact  heating 
sirnface  of  the  air  heater  and  its  lower  capital  cost  must  ensure  its  extensive  adoj)tion. 

The  Treatment  of  Boiler  Feed  Water. — The  character  of  the  feed  water  supplied 
to  boilers  directly  affects  the  consumption  of  coal,  and  the  use  of  hard  untreated 
water  is  responsible  for  an  excessive  consumption. 

Water  is  but  rarely  found  which  is  altogether  suitable  for  boiler  feed  })urposes 
without  some  form  of  treatment.  Even  a  naturally  soft  water  is  not  ipso  facto, 
a  proper  water  for  the  purpose,  it  is  almost  certain  to  contain  free  carbonic  acid 
gas,  and  occluded  gases,  sometimes  organic  acids,  all  of  which  produce  corrosion 
and  pitting. 

The  chief  impurities  in  water,  harmful  to  boilers,  may  be  summarised  as 
follows  : — 

(1)  Scale  Forming. — («)  Carbonates  of  lime  and  magnesium,  called  temporary 
hardness,  precipitated  upon  boiling  at  atmospheric  pressure,  (b)  Sulphates  of  lime 
and  magnesia,  called  permanent  hardness.  The  former  is  precipitated  at  modern 
boiler  pressures,  the  latter  is  liable  to  form  double  salts,  much  less  soluble  than 
itself,  which  under  the  same  conditions  will  be  precipitated  and  lead  to  scale 
formation  and  corrosion. 

(2)  Corrosive. — (c)  Oxygen  in  the  presence  of  carbonic  acid  gas  (free  and 
half  bound  in  the  carbonates,  as  referred  to  under  [a]  above),  magnesium  and 
calcium  chloride,  and  more  rarely  magnesium  nitrate,  all  and  separately  causing 
pitting  and  corrosion.  Magnesium  and  calcium  chloride  are  perhaps  the  test 
known  corrosive  constituents. 

Waters  containing  ferric  sulphite  or  aluminium  sulphate,  notably  for  example 
as  generally  found  in  mine  waters,  are  the  most  virulent  corrosive  constituents 
found  in  natural  waters. 

All  the  above  are  amenable  to  treatment  in  modern  “  softening  plant.”  The 
scale  forming  salts,  the  free  carbonic  acid  gas,  and  the  corrosive  salts  enumerated 
above  being  reduced  by  the  use  of  lime  and  soda  ash  administered  in  correct 
proportions.  The  residual  salts  left  in  solution  in  the  treated  water  are  generally 
speaking  chloride  and  sulphate  of  soda,  which  are  inert  and  do  no  harm,  pro¬ 
vided  the  usual  routine  of  blowing  down  the  boilers  be  carried  out.  More  rarely 
bicarbonate  of  soda  is  found  in  natural  waters  in  great  excess,  which  upon  entering 
a  boiler  splits  up  into  free  carbonic  acid  gas,  which  is  corrosive,  and  carbonate  of 
soda  Avhich  causes  priming,  and  attacks  boiler  mountings.  This  impurity  has  to 
the  author’s  knowledge  been  successfully  dealt  with  by  a  firm  specialising  in  purifying 
plant,  by  reducing  the  bicarbonate  of  soda  to  insoluble  sludge  in  the  purifying 
plant,  imparting  residual  sodium  chloride  to  the  treated  water. 

It  cannot  be  too  strongly  emphasised  that  feed  water  should  be  treated  before 
being  supplied  to  the  boiler.  It  is  no  part  of  the  function  of  a  steam  boiler  to  treat 
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f66cl  citsr,  and.  tlic  u.s6  of  boilor  compounds  for  tins  purpose  is  most  undesirable 
without  competent  advice. 

In  any  case  such  procedure  is  only  justifiable  in  connection  with  very  small 
installations,  and  whenever  used  boiler  compound  should  be  introduced  continuously, 
and  not  in  bulk  periodically. 

Boiler  composition  does  not  remove  impurities  but  merely  changes  the  nature 
of  the  eventual  deposit  which  is  precipitated.  Generally  speaking,  boiler  insurance 
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Fig.  151.  Boby’s  “C”  Tywe  Vertical  Water  Softener. 


companies  view  with  disfavour  the  use  of  compounds  because  of  possible  chemical 
reaction  with  impurities  present  in  the  water,  and  consequent  damage  to  the  boiler. 

A  water  softener  should  embody  the  following  characteristics  : — • 

(1)  Certainty  and  accuracy  of  automatic  action  at  all  loads,  from  no  load  to 
full  load ,  (2)  adequate  reaction  and  sedimentation  space ;  (3)  a  properly  designed 
filter  ;  and  (4)  proper  sludge  ejecting  arrangements. 

The  Bohy  Water  Softener. — In  the  Boby  softener  type,  C,  illustrated  in  Fig.  151, 
the  reagent  is  first  prepared  as  a  cream  of  lime  and  soda  in  a  separate  vessel  and 
delivered  to  the  automatic  apparatus  which  administers  a  correct  dose  of  the 
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reagent  to  the  incoming  water,  the  whole  operation  being  controlled  by  the  incoming 
water. 

Unusual  accuracy  is  ensured  by  this  system,  the  water  passes  to  the  reaction 
chamber  and  thence  through  a  well-designed  filter  of  adecpiate  proportions.  'Lie 
resulting  water  is  correctly  softened,  treated,  and  clarified.  Any  accumulation  of 
sludge  is  prevented  by  sludge  expelling  gear. 

In  another  type  of  Boby  softener,  illustrated  in  Fig.  l.o2,  cream  of  lime  and 


Fig.  152. — Boby's  Type  “  K  ”  Water  Softener. 


soda  are  replaced  by  reagents  administered  direct  as  dry  powder,  presenting  an 
automatic,  very  clean,  and  simple  mechanism,  very  suitable  for  moderate  capacities 
and  great  fluctuation  in  load. 

Oil  Elimination. — The  importance  of  eliminating  oil  from  the  return  from 
surface  condensers,  which  is  to  be  used  for  feed  water,  cannot  be  too  strongly 
emphasised. 

If  there  is  the  slightest  risk  of  such  contamination,  an  oil  eliminator  should 
be  employed.  The  mechanical  process  is  much  the  same  as  for  water  softening. 
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the  reagents  used  being  generally  alumina  suljDhate,  soda  ash,  and  hydrate  of  lime. 
The  alum  coagulates  the  oil,  is  neutralised  by  the  soda  ash,  and  the  lime  eliminates 
the  free  carbonic  acid  gas  formed  in  the  reaction.  The  effluent  is  generally  filtered 
through  a  mechanically  operated  quartz  filter. 

The  Loss  due  to  Scale  Formation. — It  is  scarcely  necessary  to  emphasise  the 
insulating  effect  of  scale  in  steam  boilers,  and  the  resistance  offered  to  the  trans¬ 
mission  of  heat.  Scale  ^th  of  an  inch  in  thickness  increases  the  fuel  consumption 
to  the  extent  of  16  per  cent.,  while  scale  Jth  of  an  inch  thick  necessitates  burning 
50  per  cent,  more  fuel.  The  formation  of  scale  effects  a  material  reduction  in  the 
heating  surface,  as  also  in  the  volume  of  water  contained  in  the  boiler.  For 
instance  a  4-in.  boiler  tube  has  an  internal  area  of  141  sq.  in.  per  foot  run. 
When  coated  with  scale  J  in.  thick  the  area  per  foot  run  is  reduced  to  122  sq.  in. 

Assuming  a  water  tube  boiler  having  3000  sq.  ft.  of  heating  surface,  with  an 
average  deposit  of  j  in.  of  scale,  the  actual  heating  surface  is  reduced  about  11  per 
cent.,  the  water  capacity  is  about  12  per  cent,  less,  and  the  fuel  consumption  is 
increased  to  the  extent  of  about  50  per  cent. 

Overheating,  due  to  scale,  results  in  the  stretching  of  tubes,  due  to  the  pressure 
inside,  and  loss  of  ductility  of  the  steel,  which  eventually  becomes  crystalline. 

Automatic  Feed  Water  Regulation. — The  provision  of  automatic  feed  water 
regulators  in  connection  with  water  tube  boilers  is  now  becoming  common  practice, 
and  comparatively  few  boilers  of  this  type,  excepting  of  small  capacity,  are  now 
being  installed  without  automatic  feed  water  regulators. 

Under  ordinary  boiler  feed  conditions  it  is  necessary  for  the  attendant  to 
carefully  watch  the  water  gauges,  when  the  water  level  has  drojDped  the  check 
valve  is  slightly  opened  and  the  rate  of  feed  increased.  Similarly,  if  the  water 
level  has  risen  the  check  valve  is  slightly  closed  and  the  rate  of  feed  reduced. 

When  the  rate  of  feed  is  increased  through  the  water  level  falling,  more  water 
is  fed  into  the  boiler  than  is  being  evaporated,  in  other  words  the  rate  of  evapora¬ 
tion  does  not  synchronise  with  the  rate  of  feed.  This  involves  a  drop  in  the  steam 
j)ressure,  which  in  turn  must  be  met  by  increasing  the  rate  of  firing.  For  the  time 
being  the  boiler  is  forced,  with  an  inevitable  sacrifice  in  efficiency,  because  a  larger 
quantity  of  fuel  has  to  be  burned  for  the  same  output  than  would  be  necessary 
if  the  rate  of  feed  were  always  in  exact  proportion  to  the  rate  of  evaporation. 

It  is  true  that  the  extra  weight  of  fuel  burned  may  be  small,  but  under 
normal  working  conditions  this  loss,  due  to  irregular  Avater  level,  is  frequently 
happening. 

Without  automatic  feed  Avater  regulation  it  is  not  possible  to  closely  follow 
the  demands  of  a  boiler  under  fluctuating  load  conditions,  even  if  the  attendant 
exercises  ordinary  care,  because  he  usually  has  other  duties. 

The  purpose  of  the  automatic  feed  water  regulator  is  to  ensure  under  all  con¬ 
ditions  that  the  rate  of  feed  inlet  shall  always  be  in  exact  proportion  to  the  steam 
output.  It  is  now  generally  recognised  that  these  conditions  are  essential  in  order 
to  operate  a  boiler  vdth  high  efficiency,  and  for  this  reason,  automatic  regulation 
is  being  extensively  adopted. 
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Feed  Water  Heating. — There  is  no  more  certain  and  definite  means  of  reduciiij' 
fuel  consumption  than  by  heating  the  boiler  feed  water,  particularly  when  tlie 
heat  thus  utilised  would  otherwise  be  lost.  Feed  water  may  be  heated  by  utilising 
exhaust  steam,  flue  gases  from  boilers,  or  other  sources,  the  hot  well  di.scharge 
from  condensing  engines,  and  the  drainage  from  heating  apparatus,  steam  mains, 
etc.  The  fuel  saving  which  can  thus  be  effected  is  clearly  shown  in  the  accom¬ 
panying  Table,  No.  41. 

Green  s  Economiser. — Green’s  well-known  fuel  economiser,  which  has  been  very 
widely  adopted  and  which  is  illustrated  in  Figs.  153,  154,  and  155,  is  virtually  an 
extension  of  the  boiler  heating  surface.  It  has  been  frequently  observed  that 


Fig.  153. — Green's  Fuel  Economiser.  Sectional  Elevation. 


had  it  not  been  for  our  wasteful  methods  in  industrial  fuel  consumption,  and 
accordingly  the  very  serious  loss  shown  in  the  discharge  of  high  temperature 
gases  from  the  boiler  to  the  chimney,  this  well-known  apparatus  would  not  have 
been  needed. 

The  standard  economiser  consists  of  a  series  of  cast-iron  pipes  usually  9  or  10  ft. 
in  length,  the  external  diameter  being  4^  in.  and  the  internal  diameter  3]J-  in. 
The  pipes  are  arranged  in  rows,  each  row  comprising  four  or  more  pipes,  depending 
upon  the  size  and  arrangement.  The  sections  comprising  each  row  of  pipes  are 
made  up  by  forcing  the  pipes  by  hydraulic  pressure  into  junction  boxes  or  headers, 
the  ends  of  the  pipes  being  turned,  and  the  sockets  in  the  junction  boxes  accurately 
bored  to  receive  them,  thus  forming  a  tight  metal  to  metal  joint. 

When  erected  in  position  the  sections  are  comiected  by  their  top  and  bottom 
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headers  to  multiple  flanged  branch  pipes.  The  bottom  headers  project  through 
the  front  wall  of  the  economiser  chamber,  and  access  for  cleaning  purposes  is 

provided  by  means  of  access  lids  on  the 
branch  pipe  opposite  to  each  header. 

The  water  is  admitted  to  the  economiser 
through  the  bottom  branch  pipe  to  the 
sections  and  is  collected  in  the  top  branch 
pipe,  passing  thence  to  the  boiler  feed  water 
main. 

Thermometer  pockets  are  provided  at 
the  inlet  and  outlet  ends  of  the  bottom  and 
top  branch  pipes.  The  flow  of  water  through 
the  economiser  and  the  gases  over  the 
heating  surface  is  in  opposite  directions,  the 
feed  water  being  introduced  at  the  end 
nearest  the  chimney,  and  taken  out  at  the 
opposite  end,  nearest  to  the  boiler. 

For  the  external  cleaning  of  the  pipes, 
scrapers  are  used,  these  being  carried  on 
chains  and  actuated  by  means  of  a  small 
steam  engine  or  electric  motor.  The  power 
required  is  very  small,  and  it  is  desirable 
to  use  the  scrapers  continuously.  One  or 
more  safety  valves  are  fitted  according  to 
the  size  of  the  economiser ;  similarly  one  or  more  blow-ofi^  valves  are  provided 
and  so  arranged  as  to  completely  drain  the  economiser. 


Fig.  154.- 


-Geeen’s  Fuel  Economiser. 
End  Elevation. 


Fig.  155. — Green’s  Fuel  Economiser,  Plan. 

Water  from  these  valves  should  be  carried  away  and  not  allowed  to  drain 
into  the  soot  pit ;  this  discharge  should  also  be  visible  so  that  any  valve  leakage 
may  be  detected. 

The  inlet  temperature  of  the  water .  supplied  to  the  economiser  is  of  much 
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importance ;  obviously  the  maximum  advantage  in  heat  excliange  and  recovcrv 
would  be  obtained  with  a  cold  feed.  In  practice,  however,  it  is  found  that 
unless  the  inlet  water  supply  is  hot,  say  from  100°  to  130°  F.,  there  is  a  serious  risk 
of  “  sweating,”  or  external  corrosion,  and  wastage  of  the  pipes,  this  being  due  to 
the  sulphur  content  of  the  gases  and  condensation. 

It  has  been  frequently  observed  that  the  installation  of  an  economiser  spoils 
the  chimney  draught.  To  some  extent  this  is  true,  but  obviously  it  depends  upon 
three  factors  : — 

(1)  The  average  temperature  of  the  gases  before  entering  the  economiser, 
(2)  the  heating  surface  provided  in  the  economiser,  or  in  other  words  its  capacity, 
and  (3)  the  average  temperature  beyond  the  economiser.  Certain  it  is  that  if  the 


gases  under  natural  draught  conditions  are  discharged  into  the  chimney  at  a 
temperature  below  350°  to  400°  F.  the  natural  draught  will  not  be  satisfactory. 

Some  of  the  draught  troubles  which  have  been  attributed  to  the  economiser 
in  reducing  the  temperature  of  the  gases  to  too  low  a  point,  are  in  fact  due  to 
excessive  air  infiltration  at  boiler  settings,  in  flues,  and  in  the  economiser  setting. 
This  air  dilution  and  coohng  is  so  common  and  widespread  that  it  is  probably  the 
cause  of  far  more  natural  draught  troubles  than  can  be  directly  traced  to  the 
economiser. 

It  is  important  to  take  steps  to  reduce  to  the  minimum  the  air  leakage  at 
economiser  scrapers. 

The  National  Circulator. — The  importance  of  providing  feed  water  to  the 
economiser  at  a  temperature  of  not  less  than  100°  F.  has  already  been  referred 
to.  The  apparatus  which  is  now  being  extensively  adopted  for  regulating  the  feed 

T 
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water  inlet  temperature  is  the  National  Circulator,  which  is  made  by  the  National 
Boiler  Insurance  Co.,  Ltd. 

This  circulator  is  a  special  form  of  injector  wliich  is  fixed  in  the  feed  pipe 
range  between  the  pump  and  the  economiser  as  illustrated  in  Big.  156.  The 
connection  of  the  circulator  to  the  top  branch  of  the  economiser  is  generally 
arranged,  as  shown  in  the  illustration  by  the  pipe  marked  C,  to  the  diaphragm 
pipe  D. 

In  some  cases,  such  as  small  economisers,  the  connection  of  the  circulator  to 
the  top  branch  pipe  may  be  made  through  an  expansion  bend  E,  or  to  a  specially 
made  cap  on  one  of  the  top  branch  pipe  openings,  or  alternatively  from  the  opposite 
or  cold  end  of  the  top  branch  pipe  G. 


TABLE  No.  41 

Percentage  Saving  effected  bg  Heating  Feed  Water 


Tempera-  (  Initial  Temperature  of  Feed  Water, 

ture.  ( 


40 

50 

60 

70 

80 

90 

100 

120 

140 

160 

180 

200 

100° 

Fahr. 

51 

4-285 

3-456 

2-616 

1-758 

-887 

-00 

.  . 

120° 

9  J 

6-8 

5-999 

5-184 

4-36 

3-516 

2-661 

1-79 

-00 

140° 

9  9 

8-5 

7-713 

6-912 

6-104 

5-274 

4-435 

3-58 

1-822 

-00 

160° 

99 

10-2 

9-427 

8-64 

7-848 

7-032 

6-209 

5-37 

3-644 

1-858 

-bo 

180° 

11-9 

11-141 

10-368 

9-592 

8-79 

7-983 

7-16 

5-466 

3-716 

1-892 

-bo 

200° 

13-6 

12-855 

12-096 

11-336 

10-548 

9-757 

8-95 

7-288 

5-574 

3-784 

1-93 

-bb 

220° 

15-3 

14-569 

13-824 

13-08 

12-306 

11-531 

10-74 

9-11 

7-432 

5-676 

3-86 

1-968 

240° 

17  0 

16-283 

15-552 

14-824 

14-064 

13-305 

12-53 

10-932 

9-29 

7-568 

5-79 

3-936 

260° 

18-7 

17-997 

17-28 

16-568 

15-822 

15-079 

14-32 

12-754 

11-148 

9-46 

7-72 

5-904 

280° 

20-4 

19-711 

19-008 

18-312 

17-58 

16-853 

1611 

14-576 

13-006 

11-35 

9-65 

7-872 

300° 

99 

221 

21-425 

20-736 

20-056 

19-338 

18-627 

17-9 

16-398 

14-864 

13-24 

11-58 

9-84 

The  circidator  works  better  without  a  valve  in  pipe  F,  between  the  circulator 
outlet  and  the  inlet  to  the  bottom  branch  of  the  economiser,  but  if  it  should  be 
necessary  at  times  to  cut  out  the  economiser,  a  valve  of  the  through-way  type 
should  be  fitted  in  the  hot  water  return  pipe  C,  and  also  between  the  pipe  F  and 
the  bottom  branch  pipe  of  the  econonnser.  Fig.  157  illustrates  the  National 
Circulator,  which  is  made  in  four  sizes. 

Exhaust  Steam  Feed  Water  Heating. — The  utilisation  of  exhaust  steam  for  feed 
water  heating  has  already  been  referred  to.  Figs.  158,  159,  and  160  illustrate  the 
well-known  high  velocity  exhaust  steam  feed  ivater  heater  made  by  Messrs  Holden 
&  Brooke,  Ltd. 

Two  features  of  importance  in  connection  with  this  heater  are  ; — (1)  The  long 
water  travel,  and  (2)  the  high  velocity  at  which  the  water  travels  through  the 
heater. 
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The  heater  illustrated  in  Figs.  158  and  159  has  twelve  grouj)s  of  four  tulies  each  ; 
the  dotted  lines  shown  in  the  plan  indicate  the  coinpartnients  in  the  lower  chamber 


Hot  Water 
Inlet  from 
Top  Branch 
Pipe 


Inlet 
from  Pump 


Fig.  157. — The  National  Circulator. 


Fig.  159. — Holben  &  Brooke’s 
High  Velocity  Exhaust  Steam 
Feed-water  Heater,  Plan. 


Steam 


Water 

Outlet 


Steam 


\  Drain 

^  Water 
Inlet 


Fig.  158.  —  Holden  &  Brooke's  High 
V'eloctty  Ex  iaust  Steam  Feed-water 
Heater. 


to  which  the  tubes  have  access.  The  tubes  through  which  the  water  flows  upwards 
are  indicated  by  the  thin  double  lines,  and  tho  tubes  in  which  the  water  flows 
downwards  by  the  heavy  single  line. 
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The  water  enters  the  right-hand  branch,  passes  up  the  set  of  tubes  marked  1, 
and  down  the  set  marked  2,  up  those  marked  3,  and  so  continues  the  double  flow, 
until  Anally  passing  down  the  set  of  tubes  marked  12,  and  out  at  the  water  outlet 
branch  on  the  left-hand  side.  The  floating  head  is  suitably  chambered,  to  permit 
of  the  alternate  upward  and  do’nmward  flow.  These  heaters,  which  are  also  made 
of  the  horizontal  type,  are,  when  fitted  with  strengthened  bodies  and  covers,  suitable 
for  use  with  hve  steam. 

Apart  from  the  actual  redaction  in  fuel  consumption,  heating  the  feed  water 
increases  the  capacity  of  the  boiler.  For  instance,  increasing  the  feed  temperature 


Fig.  IGO. — Holden  &  Brooke's  High  Velocity  Exhaust 
Steam  Feed-water  Heater. 

from  50°  to  210°  F.  not  only  reduces  the  fuel  consumption  to  the  extent  of  about 
14  per  cent.,  but  also  increases  the  steaming  capacity  of  the  boiler  by  approximately 
16  per  cent. 

Feed  Water  Measurement. — The  measurement  or  weighing  of  feed  water  used 
is  essential  in  connection  vdth  every  steam  boiler  plant.  For  the  small  plant  this 
may  be  periodical,  for  all  other  steam  boiler  plants  means  should  be  provided  for 
continuous  measurement,  and  it  is  preferable  that  the  apparatus  employed  should 
be  of  the  recording  type. 

The  simplest  methods  of  measuring  feed  water  for  periodical  evaporative  tests 
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mil  be  discussed  later  in  this  chapter  under  the  heading  of  “  Instruments  and 
Testing.” 

Boiler  feed  water  measuring  and  weighing  apparatus  may  be  said  to  compri.se 
three  distinct  types  : — (1)  Closed  meters,  which  are  volumetric,  (2)  tank  meters 
or  flow  recorders,  and  (3)  tanks  containing  a  given  and  invariable  weight  of  water, 
which  is  automatically  recorded  when  discharged  into  the  feed  tank. 

Kent's  Uniform  Positive  Water  Meter. — This  type  of  water  meter,  which  is 
of  the  rotary  balanced  piston  type,  is  made  for  cold  and  hot  water,  and  has  been 
very  extensively  adopted  for  the  measurement  of  boiler  feed  water ;  it  is,  in  fact, 
so  well  known  that  it  is  unnecessary  to  describe  same. 


Fig.  161. — Kent’s  Unifoem  Positive  Watee  Metee,  Cold  Watee  Type. 

In  Fig.  161  is  shown  a  meter  of  the  cold  water  type,  the  arrows  indicating  the 
cUrection  of  the  flow. 

The  hot  water  meter  is  of  the  same  design,  but  the  outer  cast-iron  casing  is 
made  specially  strong. 

Kent's  Venturi  Water  Meter. — This  well-known  type  of  meter  consists  of  two 
parts  only,  the  Venturi  tube,  which  is  fixed  in,  and  becomes  paid  of  the  feed  pipe 
line,  and  the  recording  apparatus,  which  is  illustrated  in  Fig.  162. 

The  Venturi  meter  is  based  upon  the  hydraulic  law,  that  with  water  passing 
through  a  pipe  of  gradually  diminishing  area,  the  velocity  is  increased,  ivith  a 
corresponding  reduction  in  the  lateral  pressure. 

The  exterior  of  the  tube  is  provided  at  the  throat  and  at  the  inlet  or  uj)  stream 
end,  ivith  annular  pressure  chambers.  These  communicate  with  the  interior  tube 
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by  small  boles,  which  are  bushed  with  vulcanite  to  prevent  incrustation.  The 
interior  end  of  these  bushes  are  made  perfectly  flush  with  the  inside  of  the  tube. 

The  pressure  in  these  respective  chambers  is  therefore  the  same  as  that  in  the 


Fig.  1G2. — Kent’s  Venturi  \y.4TEE  Meter,  Recording  Apparatus. 

throat  and  at  the  inlet  end  of  the  Venturi  tube.  Small  pipes,  preferably  of  copper, 
convey  these  pressures  to  the  recording  apparatus. 

The  recording  instrument  may  be  fixed  anywhere  within  1000  feet  of  the  tube, 
or.  if  desired,  the  registration  can  be  coirveyed  electrically  for  any  distance. 

The  Lea  V  Notch  Recorder. — The  Lea  recorder  has  been  very  widely  adopted 
during  the  past  few  years  for  the  continuous  measurement  and  recording  of  boiler 
feed  water. 
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This  well-known  apparatus,  which  is  illustrated  in  Fifjs.  H)3  and  Ki  i,  jiives  a 
permanent  record  of  the  rate  of  flow  of  water  in  pounds  per  hour,  the  depth  of 
water  in  inches,  flowing  in  a  V  notch,  being  accurately  and  continuouslv  measured 
and  recorded.  The  rate  of  flow  through  V  notches  is  deduced  from  Thomson’s 
formula, 

Cubic  feet  per  minute  =0-305  11  where  H=depth  in  inches. 

The  recording  instrument  is  actuated  solely  by  the  rise  and  fall  of  a  float 
connected  with  a  tank  containing  a  V  notch,  the  float  being  attached  to  a  spindle 


Fig.  I(i3. — The  Lea  V  Notch  Recorder. 

which  passes  through  the  bottom  of  the  instrument  case.  The  float  spindle  is 
provided  with  a  rack  which  gears  into  a  small  pinion  upon  the  axis  of  a  dnim, 
which  drum  has  a  screwed  thread  upon  its  periphery. 

The  contour  of  the  thread  is  the  curve  of  flow  for  the  notch,  and  just  as  the 
flow  through  a  notch  increases  rapidly  with  its  depth,  so  the  pitch  of  the  screw 
increases  pro  rata.  Above  the  spiral  drum  is  a  horizontal  slider  bar  supported  upon 
pivoted  rollers,  and  carrying  an  arm  which  is  provided  with  a  pen  point,  in  contact 
with  a  chart  upon  a  clock  driven  recording  drum. 
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As  the  float  rises  the  movement  of  the  spiral  drum  is  imparted  to  the  pen  arm 
by  the  saddle  arm,  which  engages  at  its  lower  end  vdth  a  screwed  thread. 

The  recording  pen  moves  in  direct  proportion  to  the  flow,  producing  a  diagram 


whose  area  is  a  measure  of  the  total  flow, 
each  square  inch  on  the  chart  representing 
a  giv^en  weight  of  water  in  pounds. 

With  the  Lea  recorder  the  water  is 
always  measured  on  the  suction  side  of 
the  feed  pipe,  i.e.  where  it  is  not  under 
pressure. 

The  Yorke  Weir  Water  Meter. — The 
Yorke  weir  water  meter,  illustrated  in 
Fig.  165,  is,  as  its  name  implies,  of  the 
weir  type,  the  notch,  however,  instead  of 
being  cut  V  shape  is  of  the  shape  shoAvn 
in  the  illustration. 

With  this  type  of  water  meter  the 
weir  has  a  breadth  inversely  proportional 
to  the  square  root  of  the  corresponding 
head,  wuth  the  result  that  the  head  is 
directly  proportional  to  the  flow.  The  rate 
of  flow  is  recorded  by  means  of  a  float 
which  is  arranged  to  directly  move  a  pen 
up  and  down  a  drum,  which  is  rotated  by 
an  eight-day  clock  mechanism. 

No  correcting  mechanism  is  required 


Fig.  16.5. — The  Yokke  Weir  Water 
Meter. 
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between  the  float  and  the  recording  pen.  The  meter  is  exceedingly  .simi)le  and  it 
is  claimed  that  it  is  very  accurate.  National  Physical  Laboratory  te.sts  showed 
that  the  inaccuracy  does  not  exceed  1  per  cent.  iMeters  of  this  ty|)e  are  practically 


Fig.  16(5. — The  Leinert  Water  ]Meter. 


self-compensating  in  so  far  as  temperature  variations  are  concerned,  owing  to 
the  fact  that  when  the  temperature  of  the  water  increases,  its  density  is  reduced  ; 
on  the  contrary,  when  the  temperature  falls 
the  density  increases,  affecting  the  buoyancy 
of  the  float. 

The  Leinert  Meter. — -The  Leinert  meter  is 
a  good  example  of  type  No.  3  referred  to 
above,  in  which  all  water  is  weighed  and  the 
quantity  of  water  discharged  is  automatically 
recorded  on  a  counter.  The  operation  of  this 
meter  is  not  appreciably  affected  by  shght 
changes  in  specific  gravity,  or  variations  in 
the  temperature  of  the  water. 

The  apparatus  is  actuated  by  the  dead 
weight  of  the  liquid  measured,  and  this  being 
an  invariable  figure,  the  meter  is  not  subject 
to  inaccuracies.  It  is  claimed  that  its  accuracy 
is  permanent,  inasmuch  as  it  does  not  depend 
upon  adjustment  or  the  wear  of  its  parts.  Fig.  167. — The  Leinert  ater  :Meter. 
It  is  not  affected  by  grit  and  impurities,  and 

can  be  readily  cleansed.  The  Leineid  meter,  illustrated  in  Figs.  Kih  and  167,  com¬ 
prises  two  tanks  of  equal  size  (A^  and  A^),  see  Fig.  1G6,  each  swinging  independently 
upon  a  pair  of  knife  edges  B,  which  form  an  axis  dividing  the  tank  into  two 
unequal  and  unbalanced  parts.  Each  tank  is  fitted  at  the  front  end  with  one  or 
more  s)q)hon  pipes  C,  and  at  the  back  with  an  adjustable  weight  D 
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The  liquid  to  be  measured  enters  at  the  inlet  E,  and  passes  along  the  chute  F, 
into  one  or  other  of  the  tanks,  for  instance  as  shown  in  Fig.  166,  into  the  right- 
hand  tank  A^.  The  weights  D  are  so  adjusted  that  when  a  tank  is  being  filled  with 
water  up  to  about  the  height  marked  G  in  Fig.  166,  it  remains  in  a  horizontal 
position,  but  as  the  weight  of  licpiid  increases  by  the  continued  flow,  the  tank  tilts 
forward  into  the  position  shown  by  the  dotted  lines  in  F,  when  the  water  is  discharged 
through  the  syphon  pipe. 

After  the  syphon  has  been  started  and  the  level  of  the  water  has  fallen  sufficiently, 
the  tairk  resumes  its  original  horizontal  position  by  the  influence  of  the  balance 
weight  D,  the  syphon  continuing  irr  action  until  the  tank  is  emptied. 

As  each  tank  tilts  forward  it  throws  the  chute  F  over,  so  that  the  new  water 
to  be  measured  must  fall  into  the  other  tank,  when  the  same  cycle  of  operations  is 
repeated.  It  null  thos  be  seen  that  both  tanks  are  filled  automatically  and  alterna¬ 
tively  vdth  fresh  water,  while  the  measured  water  flows  away  into  a  storage  or  feed 
tank  as  required. 

The  number  of  times  each  tank  is  filled  and  emptied  is  registered  by  a  counter 
H,  which  is  actuated  by  the  alternate  movement  of  the  chute. 

The  chute  rests  clear  of  the  tank,  into  which  the  water  is  running,  so  tnat  at 
the  moment  the  tank  commences  to  tilt  no  influence  can  be  exercised  by  the  weight 
of  the  chute,  or  by  the  pressure  of  the  running  water  in  the  chute,  or  by  the  resistance 
of  the  mechanism  of  the  counter.  The  tilting  of  the  tanks,  and  consequently  the 
recorded  measurement,  is  entirely  dependent  upon  the  introduction  into  them  of  a 
definite  weight  of  water. 

The  Superheating  of  Steam. — It  is  now  generally  conceded  that  no  steam 
boiler  installation  can  be  regarded  as  complete  and  efficient  vdthout  the  provision 
of  a  superheater. 

The  superheating  of  steam  may  be  briefly  described  as  imparting  heat  to  the 
steam  after  it  has  left  the  boiler,  and  when  it  is  no  longer  in  contact  vuth  the  water. 
The  heat  units  thus  imparted  to  the  steam  must  of  necessity  be  lost  before  any 
condensation  can  take  place. 

A^Tien  steam  at  the  boiler  pressure  passes  through  the  superheater  the  rise  in 
the  steam  temperature  is  determined  by  three  factors  : — (1)  The  heating  surface 
of  the  superheater,  (2)  the  temperature  of  the  gases  of  combustion  sweeping  the 
superheater,  and  (3)  the  pressure  and  volume  of  the  saturated  steam  dehvered  to 
the  superheater,  as  also  the  percentage  of  entrained  moisture  present  in  the  steam. 

In  connection  with  the  boilers  of  the  Lancashire  or  internally  fired  type,  the 
superheater  is  placed  in  the  downtake,  where  the  temperature  of  the  gases  usually 
range  from  900°  to  1200°  F.  depending  upon  the  kind  of  fuel  used,  the  firing  equip¬ 
ment,  the  length  of  the  boiler,  the  length  of  the  grates,  and  the  rate  of  combustion. 

With  water  tute  boilers  the  superheater  may  be  placed  in  any  one  of  various 
positions,  depending  upon  the  type  of  boiler,  the  space  available,  the  path  and 
temperature  of  the  gases,  and  the  final  steam  temperature  required.  Under  average 
conditions  with  both  Lancashire  and  water  tube  boilers,  the  added  superheat 
required  by  steam  users  usually  varies  from  100°  to  150°  F.,  but  for  the  steam 
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supply  to  turbines  a  final  steam  temperature  of  from  fifii)  to  ToO  F.  is  now 
frequently  demanded. 

The  most  efficient  steam  temperatures  for  engines  of  types  commoidy  u.sed  arc 
generally  agreed  to  be  as  follows  ; — 

For  slide  valve  engines  400°  to  450°  F.,  for  t'orliss  valve  engines  500°  F.,  and 
for  drop  valve  engines  600°  to  650°  F. 

The  thermal  conductivity  of  siiperheated  steam  is  lower  than  that  (d'  saturated 
steam,  hence  the  heat  is  not  so  readily  transmitted  from  the  body  of  the  steam  to 
the  radiating  surfaces. 

The  advantages  of  iising  superheated  steam  may  be  briefly  summarised  thus 

(1)  For  a  given  duty  less  water  is  required,  less  steam  has  to  be  generated,  and 
accordingly  less  coal  is  consumed. 

(2)  The  output  required  from  the  boiler  is  reduced. 

(3)  Condensation  is  prevented  in  engine  cylinders  and  steam  pipes. 

(4)  Steam  may  be  conveyed  long  distances  without  condensation. 

(5)  During  short  stoppages  condensation  is  prevented. 

(6)  Leaky  joints  are  prevented. 

(7)  The  efficiency  of  engines  and  pumps  is  increased. 

(8)  In  processes  using  steam  for  drying,  heating  or  boiling  when  the  time  element 
is  not  an  essential  jeature  oj  the  process,  the  work  is  much  accelerated  and  the  cost 
is  considerably  reduced. 

In  a  very  large  number  of  works  the  possible  saving  as  the  result  of  eliminating 
condensation  losses  alone  is  very  considerable.  It  is  a  common  experience  to  find 
steam  being  carried  long  distances  to  isolated  plant,  detached  units,  and  pumps, 
where  the  steam  consumption  could  be  reduced  to  the  extent  of  20  per  cent,  or 
even  more  if  dry  steam  were  supplied. 

The  economy  due  to  superheating  with  modern  plant  usually  varies  from 
10  to  15  per  cent.,  while  with  old  and  inefficient  plant  it  may  be  as  high  as  from 
20  to  25  per  cent.  By  using  steam  superheated  to  the  extent  of  from  50°  to  60°  F. 
only,  cases  have  come  under  the  observation  of  the  author  where  the  saving  has 
exceeded  13  per  cent. 

The  importance  of  a  low  superheat  in  the  avoidance  of  condensation  loss  would 
not  appear  to  be  generally  appreciated.  With  old  and  low  pressure  plant  and 
cast-iron  steam  mains,  there  is  a  disposition  to  avoid  the  use  of  superheated  steam 
as  unsuitable.  If  it  were  proposed  to  use  steam  superheated  to  the  extent  of  150°  F. 
this  attitude  would  be  justified,  but  there  can  be  no  practical  objection  to  the  use 
of  dry  steam,  while  the  gain  in  reduced  hiel  consumption  is  considerable. 

Superheaters  vary  considerably  in  design  and  structure,  but  generally  they 
may  be  separated  into  two  distinct  groups  :  (a)  sectional  superheaters,  and  (h)  super¬ 
heaters  of  the  direct  expanded  in  tube  type. 

For  internally  fired  boilers,  while  both  types  are  extensively  used,  the  former 
type  offers  outstanding  advantages,  inasmuch  as  all  joints  are  external,  under 
observation,  and  readily  accessible,  while  the  removal  and  replacement  of  sections 
or  elements  is  greatly  facilitated.  Further,  superheaters  of  this  ty])e  provide 
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flexibility  in  beating  surface,  as  sections  or  elements  may  be  quickly  removed 
and  plugged  or  blanked  off. 

A  furtber  feature  of  importance  is  tbe  draining  of  tbe  headers ;  not  only  is  tliis 
of  great  advantage  in  preventing  tbe  accumulation  of  water  of  condensation  in  tbe 
headers,  but  with  dirty  or  hard  boiler  feed  water  deposit  and  incrustation  in  tbe 
tubes  is  prevented. 

Superheaters  of  tbe  direct  expanded  in  tube  type,  while  being  less  expensive 
to  manufacture,  offer  none  of  the  advantages  referred  to.  If  a  tube  or  element  fails 
it  cannot  be  replaced  without  a  stoppage  and  considerable  loss  of  time. 

For  Avater  tube  boilers,  superheaters  of  the  integral  type  have  been  widely 
adopted.  Such  superheaters,  being  of  the  direct  expanded  in  tube  type,  embody 
the  same  limitations  and  objections  as  already  discussed. 

Usually  for  all  final  steam  temperatures  involving  an  addition  of  up  to  150°  F. 
of  superheat,  there  is  no  reason  why  superheaters  of  the  sectional  type  should  not 
be  used.  For  very  high  final  steam  temperatures,  considerations  of  position, 
space  required,  and  the  temperature  of  the  gases  frequently  preclude  the  use  of 
this  type,  which  by  reason  of  the  joints  being  arranged  externally  is  not  so  compact 
as  the  integral  type. 

There  can  be  no  doubt  that  the  more  general  use  of  superheaters  would  effect 
a  very  considerable  reduction  in  the  consumption  of  fuel,  and  regarded  solely  from 
this  point  of  view  a  superheater  is  a  very  remunerative  investment. 

Coal  Handling. — It  is  of  doubtful  advantage  to  apply  mechanical  stokers  of 
any  type  to  either  one  or  more  boilers  unless  mechanical  means  are  also  provided 
for  handling  the  fuel  from  the  point  where  it  is  tipped  or  stored,  and  its  delivery 
into  the  stoker  hoppers. 

If  economy  in  the  boiler  house  is  desired,  the  full  advantage  of  machine  firing 
in  this  direction  cannot  be  realised  unless  coal  and  ash  handling  plant,  carefully 
designed  to  meet  the  existing  conditions,  is  proAuded. 

The  nature  of  the  equipment  will  depend  upon  the  size  of  the  boiler  plant, 
and  the  conditions  which  have  to  be  met.  For  single  boilers,  AvFile  it  is  doubtful 
if  the  provision  of  ash  handling  plant  of  any  kind  is  Avarranted,  an  independent  and 
automatic  type  of  bucket  coal  elevator  is  often  of  considerable  advantage. 

For  larger  installations,  AA’-hether  the  coal  handling  plant  shall  be  of  the  band, 
chain,  or  bucket  type,  or  of  a  combined  type,  aauU  necessarily  be  determined  by  the 
individual  conditions  and  requirements,  as  also  the  efficient  adaptability  of  a 
particular  type  or  combination  of  types. 

The  Steel  Link  Coyiveyor. — The  Bennis  steel  link  conveyor,  illustrated  in  Fig.  168, 
consists  of  a  chain  built  up  of  mild  steel  links,  each  bent  in  the  form  of  a  “  U,” 
which  Avork  in  a  cast-iron  trough.  The  loAver  part  of  the  chain  moves  inside  a 
rectangular  trough  and  carries  the  coal  AAUth  it.  Openings  are  proAuded  in  the 
bottom  of  the  trough  at  desired  intervals,  through  AAdiich  the  coal  drops  into  the 
bunkers,  or  direct  to  the  mechanical  stoker  hoppers. 

The  conveyor  trough  may  be  inclined  to  an  extent  not  exceeding  30  per  cent, 
from  the  horizontal,  and  coal  may  be  thus  raised  from  the  boiler  house  floor  level 
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to  a  suitable  height  for  dropping  into  the  hoppers,  without  the  provision  of  a  speeial 
elevator  for  the  purpose.  The  U  link  conveyor  is  very  Hexil)le  and  may  be  con¬ 
veniently  arranged  to  meet  various  requirements. 

Bucket  Elevators. — Bucket  elevators,  as  illustrated  in  Fig.  1G9,  are  very  largely 


Fig.  168. — The  Bennis  Steel  Link  Conveyor. 


used ;  these  may  be  arranged  to  deliver  coal  to  the  hoppers  of  each  boiler  separately 
or  to  every  two  boilers. 

Elevators  of  this  type  may  be  set  at  any  convenient  angle  or  curvetl  to  suit 
the  angle  of  delivery  required.  The  Bennis  bucket  elevator  is  of  the  automatic 
self-starting  and  stopping  type,  which  is  so  arranged  that  over  feeding  of  coal  into 


302  UTILISATION  OF  LOW  GRADE  AND  WASTE  FUELS 


the  hoppers  is  prevented.  When  the  stoker  iroppers  are  full  the  elevator  is 
automatically  stopped. 

The  Gravity  Bucket  System. — The  principal  advantage  of  the  gravity  bucket 


Fig.  169. — The  Bennis  Bucket  Elevator. 

system  over  other  forms  of  elevators  and  conveyors  is  that  the  same  means  of  con¬ 
veyance  may  be  used  for  conveying  the  coal  either  horizontally,  vertically,  or  at 
any  desired  inclination,  the  buckets  being  so  arranged  that  they  remain  upright 
and  preserve  their  equilibrium  in  whatever  direction  the  chain  may  be  travelling. 
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This  type  of  conveyor  is  practically  automatic 
in  its  cycle  of  action,  no  handling  being  necessary 
from  the  point  at  which  the  material  is  delivered 
into  the  receiving  hopper  feeding  the  conveyor, 
until  the  fuel  is  discharged  to  the  bunkers,  other 
than  the  moving  of  the  dumping  levers.  By  the 
provision  of  balance-tipping  levers,  which  engage 
with  movable  intermediate  pins,  the  buckets  can 
be  automatically  tipped  at  any  desired  point  of 
travel.  Further,  the  conveyor  may  be  arranged 
to  feed  the  bunkers  with  coal  on  the  inward 
journey,  and  remove  the  ashes  on  the  return 
journey. 

A  gravity  bucket  conveyor  of  the  Bennis  type 
is  illustrated  in  Fig.  170. 

Portable  Elevators. — A  portable  elevator  of 
the  Bennis  bucket  type  is  illustrated  in  Fig.  171. 

This  elevator  has  a  length  of  10  ft.  between  the 
centres  of  the  drums,  and  is  provided  with 
buckets  8  in.  wide.  The  framework  of  the 
elevator  consists  of  rolled  steel  channels  and 
angles  braced  together.  The  top  and  bottom 
of  the  elevator  is  formed  of  cast-iron  plates,  on 
which  the  bearings  for  the  shafts  are  cast.  The 
elevator  is  mounted  upon  a  portable  truck  in 
such  a  manner  that  the  angle  of  the  elevator 
may  be  altered  if  desired.  The  truck  is  built  of 
mild  steel  sections,  and  is  carried  on  four  rollers, 
which  are  attached  to  pivoted  axles.  Provision 
is  made  for  locking  the  wheels  in  four  positions ; 
the  axles  work  independently  of  each  other. 

The  elevator  is  driven  by  two  chain  drives. 

Two  sprocket  wheels  are  placed  on  the  pivot 
shaft.  One  of  the  sprockets  is  driven  direct  from 
the  motor,  the  other  sprocket  drives  the  elevator 
shaft,  so  that  the  relative  centres  of  the  shaft 
are  maintained,  irrespective  of  the  angle  of  the 
elevator. 

When  in  operation  the  elevator  is  pushed  up 
to  the  coal  heap,  and  the  coal  trimmed  forward 

to  the  buckets.  Fig.  170.— The  Bennis  Grawty 

_  ,  _  ,  .  Bucket  Conveyor. 

Band  Conveyors. — ihe  three  most  important 

considerations  in  the  design  and  construction  of  a  band  conveyor  are  (1)  the 
quality  of  the  band,  (2)  the  means  by  which  it  is  carried,  and  (3)  the  feed  to  the  band. 
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Fig.  171. — The  Bennis  Portable  Bucket  Elevator. 


Fig.  172. — The  Bennis  Band  Conveyor. 
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Special  attention  must  be  given  to  the  provision  for  the  tlelivery  of  fuel  to 
and  from  the  conveyor.  Faulty  loading  and  di.strihution  will  both  materially 
reduce  the  working  efficiency,  and  also  the  life  of  the  band. 

The  band  conveyor  illustrated  in  Fig.  172  is  of  the  Hennis  type,  for  which  it 
is  claimed  that  there  is  no  cross  breaking  in  the  fibre,  as  the  band  runs  Hat  on  both 
the  top  and  bottom  lengths,  instead  of  being  turned  up  at  the  sides  to  form  a 
trough.  The  securing  supports  are  so  arranged  that  coal  is  not  thrown  off  on  either 
side  of  the  band  between  the  terminals. 

The  idlers  are  of  special  construction  and  are  lighter  than  those  usually  em¬ 
ployed,  ensuring  that  there  is  no  slip  between  the  idler  and  the  band.  Thev 


Fig.  173. — The  Bennis  Ram  W.\gon  Tipper. 

are  made  of  large  diameter,  flat  on  the  face,  balanced,  and  fitted  with  well- 
lubricated  bearings,  the  friction  between  the  idlers  and  the  band  being  reduced 
to  the  minimum. 

The  band  may  be  arranged  to  deliver  at  any  fixed  point  of  travel  by  means 
of  throw- off  carriages,  or  adjustable  cut-offs. 

Pneumatic  Coal  Handling. — The  pneumatic  handling  of  coal  is  likely  to  be 
considerably  developed  within  the  next  few  years.  It  is  a  system  which  possesses 
many  advantages  and  may  be  employed  in  cases  where  the  provision  of  mechanical 
elevators  is  very  difficult,  if  not  impossible.  The  most  imjiortant  plants  of  this  typo 
installed  up  to  the  present  are  at  the  Bankside  Generating  Station  of  the  City  of 
u 
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London  Electric  Lighting  Co.,  Ltd.,  and  at  the  Brimsdown  Power  Station  of  the 
North  Metropolitan  Electric  Power  Supply  Company. 

Both  of  these  installations  were  designed  by  Messrs  Henry  Simon,  Ltd., 
Manchester,  the  former  having  a  capacity  of  60  tons  per  honr  and  the  latter  a. 
capacity  of  50  tons  per  honr. 

The.  Ram,  Wagon  Tipper. — The  Bennis  ram  wagon  tipper,  illustrated  in  Fig.  173, 
is  designed  to  empty  standard  end  discharging  coal  wagons.  The  tipper  consists 
of  a  massive  ram,  on  one  end  of  which  a  criitch  is  fixed,  which  engages  the  rear 
axle  of  the  wagon. 

The  ram  is  raised  and  lowered  by  a  screw  thread.  A  similar  thread  is  cut  in 


Fig.  174. — The  Beknis  Wagon  Tipplek. 


the  hole  of  a  phosphor  bronze  worm  wheel,  which  is  turned  by  a  mild  steel  worm 
operated  through  spur  reduction  gear  from  an  electric  motor. 

The  worm  wheel  and  worm  are  contained  in  an  oil  bath  which  oscillates  on 
trunnion  bearings.  The  purpose  of  this  oscillation  is  to  allow  the  top  of  the  ram 
to  move  sideways  and  follow  the  path  of  the  wagon  axle  as  it  rises.  The  front 
wheels  of  the  wagon,  which  do  not  leave  the  track,  can  be  chocked  in  position.  The 
ram  is  berthed  in  a  vertical  position  in  a  pit  beneath  the  ground. 

About  5  B.H.P.  is  required  to  raise  a  full  10-ton  wagon ;  the  tipper  may,  if 
desired,  be  arranged  for  a  belt  drive  from  adjacent  shafting,  if  electric  power  is  not 
available. 
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The  Bennis  Rotary  Wagon  Tippler. — This  rotary  tippler  is  specially  designed 
for  emptying  coal  wagons  at  the  rate  of  from  60  to  100  tons  per  hour.  The  loaded 
wagon  is  turned  over  bodily,  the  contents  being  deposited  into  an  underground 
bunker,  passing  thence  to  a  conveyor. 

The  centre  of  gravity  of  the  loaded  wagon  is  approximately  at  the  centre 
of  the  tippler  rings.  Balance  weights  are  fixed  at  the  top  of  the  tippler  rings 
to  counteract  the  weight  of  the  frame  and  the  empty  wagon.  By  a  com])lete 
revolution  of  the  tippler  trimming  is  rendered  imnecessary,  the  wagon  being 
expeditiously  and  completely  emptied.  The  tippler,  which  is  illustrated  in 
Fig.  174,  is  built  to  handle  10,  15,  or  20  ton  wagons. 

Coal  Measurement. — The  best  appliance  yet  devised  for  the  continuous  and 
automatic  measurement  of  coal  used  with  chain  grate  and  travelling  grate  mechanical 
stokers  is  the  Lea  coal  meter. 

The  Lea  Coal  Meter. — This  apparatus  operates  upon  somewhat  similar  lines 
to  the  well-known  V  notch  recorders  and  integrators  for  water  measurement.  Its 
action  is  based  upon  the  theory  that  when  coal  is  supplied  to  a  boiler  by  means  of 
a  travelling  grate  stoker  the  amount  of  fuel  passing  i;nder  the  fire  door  may  be 
regarded  as  a  stream  with  a  constant  width,  but  the  depth  and  velocity  of  the 
stream  are  subject  to  variation. 

The  width  of  the  stream  is  the  width  of  the  grate,  the  depth  is  the  thickness 
of  the  fire,  and  the  speed  is  the  rate  of  travel  of  the  grate,  therefore  : — ■ 

If  W  =the  width  of  the  stream  in  feet. 

T=the  thickness  or  depth  in  feet. 

V  =the  velocity  of  the  stream  in  feet  per  hour. 

Then  the  cubic  feet  per  hour 

=WxTxX 

=cross  sectional  area  xV. 

Although  slack  and  small  coal  are  not  perfectly  homogeneous  and  do  not  obey 
the  laws  of  fluids,  it  has  been  found  by  experience  that  under  ordinary  conditions 
of  working  the  flow  of  coal  under  a  fire  door  is,  generally  speaking,  proportional  to 
the  thickness  of  the  fire,  and  to  the  velocity  of  the  grate,  and  that  the  results  are 
very  consistent  with  what  might  be  expected  theoretically. 

As  the  width  W  is  constant  and  T  and  V  are  the  only  variables,  it  will  be  s?en 
that  all  that  is  required  is  some  form  of  automatic  integrating  mechanism,  wdhch 
will  at  all  times  take  into  account  the  tw'o  items  T  and  V.  This  is  wLat  the 
inventors  claim  that  the  Lea  coal  meter  does. 

From  the  diagram  Fig.  175  it  will  be  noted  that  the  velocity  or  movement  of 
the  grate  is  transmitted  by  gearing  to  a  spirally  toothed  drum  whose  pitch  is 
equal  (or  proportionate)  to  the  maximum  lift  of  the  fire  door,  the  height  of  which 
determines  the  thickness  of  the  fire  H.  A  toothed  counting  wheel  gearing,  with 
the  spiral  drum  below  and  a  counting  box  above,  is  mounted  iipon  a  rod  or  draw'bar 
directly  connected  whth  the  fire  door  ;  as  the  fire  door  is  opened  and  closed  the 
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counting  wheel  is  moved  to  and  fro  laterally  across  the  spiral  drum  which  revolves 
it  more  or  less  according  to  its  lateral  position. 

Assuming  an  8-inch  fire  to  be  the  maximum — 

With  an  8-inch  fire  the  counting  wheel  will  engage  vdth  all  the  teeth  in  the  drum. 

With  a  4-inch  fire  the  counting  wheel  will  engage  vfith  hah  the  teeth  in  the  drum. 

With  the  fire  door  closed  the  counting  wheel  will  not  engage  at  all. 

If  the  speed  of  the  grate  were  doubled  the  speed  of  the  counting  wheel  would 
also  be  doubled.  If  the  grate  were  stopped  entirely,  the  counting  wheel  would  also 
stop.  For  all  variations,  either  in  the  thickness  of  the  fire  or  in  the  speed  of  the 
grate,  the  total  number  of  revolutions  of  the  counting  wheel  will  be  proportional 
to  the  total  cubic  feet  of  coal  passed,  and  by  means  of  proper  constants  or  fignires 
for  the  units  shovm  on  the  counting  dial,  the  total  quantity  either  in  cubic  feet, 
tons  or  pounds  can  easily  be  determined. 

It  will  be  observed  that  the  actual  quantity  of  fuel  passing  is  recorded  in  units. 


In  each  case  the  unit  must  be  determined  by  the  user.  This  can  be  done,  by 
measuring  out  on  the  stokehole  floor  a  certain  number  of  cubic  feet  of  coal  (the 
greater  the  number  the  better),  passing  this  through  the  stoker  and  noting  the 
number  of  units  recorded  by  the  meter.  Accuracy  is  guaranteed  by  the  makers 
within  a  hmit  of  2|  per  cent. 

The  Lea  coal  meter  is  illustrated  in  Figs.  175  and  176. 

AsJi  and  Clinker  Handling. — The  removal  of  ash  and  chnker  is  a  problem 
which  within  the  past  few  years  has  become  much  more  pressing.  The  increased 
percentage  of  incombustible  and  the  high  cost  of  labour,  to  say  nothing  of  the  cost 
of  ultimate  disposal,  and  the  desirabihty  of  improving  boiler-house  conditions, 
are  all  factors  which  emphasise  the  necessity  for  introducing  improved  methods  of 
handhng  residual  waste. 

In  connection  wdth  all  steam  plants  haUng  a  coal  consumption  of  50  tons 
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and  upwards  per  week,  it  is  well  worth  while  to  consider  the  installation  of 
simple  automatic  plant  specially  designed  for  rapid  and  economical  removal  of 
incombustible. 

As  already  observed  in  a  previous  chapter,  the  problem  of  ash  and  clinker 
removal  may  be  and  is  to  a  large  extent  overcome  in  connection  with  machine  fired 
boilers  of  the  water  tube  type.  With  all  other  tyjjes  of  boilers,  however,  it  is 
impossible  to  employ  similar  means,  and  the  incombustible  must  be  handled  manually 
to  the  extent  of  bringing  the  same  to  the  front  of  the  boilers,  even  if  means  are 
there  provided  for  its  automatic  removal. 

In  connection  with  many  of  the  larger  boiler  installations,  ash  elevators  and 
conveyors  are  in  use  ;  to  a  large  extent  these  have  adeq^uately  met  individual 
requirements,  and  have  very  considerably  reduced  the  labour  cost. 


OF  STOKER 


Fig.  176. — The  Lea  Coae  Meter. 

Pneumatic  and  Steam  Suction  Systems. — In  some  respects  the  modern  pneumatic 
or  suction  ash  handUng  plant  is  preferable  to  mechanical  handhng,  inasmuch  as  it 
not  only  possesses  the  merit  of  simphcity,  but  while  removing  ash  and  chnker  it  may 
also  be  arranged  to  remove  soot  and  flue  dust. 

Two  types  of  such  plant  are  made  by  Messrs  E.  Bennis  &  Co.  Ltd.,  one  of 
which  is  known  as  the  pneumatic  ash  plant,  the  other  as  the  steam  suction 
ash  conveyor.  Fig.  177  illustrates  a  typical  lay-out  of  a  Bemus  ash  and  soot 
handling  plant,  comprising  a  motor  driven  rotary  exhauster,  fold  air  cleaner,  ash 
tanks,  and  the  necessary  pipe  hues  for  conveying  the  ash  or  other  material  to  the 
tanks. 

Holes  are  provided  in  the  floor  plates  in  front  of  each  boiler,  each  hole  being 
fitted  with  a  dumping  hopper,  grid,  and  air  cut-off.  As  the  ash  is  drawn 
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from  the  cleaning  chambers  at 
the  back  of  the  mechanical 
stoker  grates  it  is  dumped 
through  these  openings  direct 
into  the  ash  pipe,  see  Fig.  178, 
thence  being  carried  by  suction 
into  the  ash  tank. 

The  pipes  used  for  convey¬ 
ing  the  ash  are  of  hard  cast  iron 
wth  flanged  ends  and  copper- 
asbestos  joints,  the  pipes  being 
carried  upon  brick  piers,  built 
into  or  at  the  side  of  the  blow- 
off  trench.  At  points  in  the 
pipe  line  where  there  is  a  change 
in  direction  special  bends  are 
used,  the  wearing  parts  of  which 
are  of  hard  chilled  iron,  and 
renewable. 

In  order  to  provide  for  the 
removal  of  any  obstruction  at 
the  bends  a  handhole  with  an 
air-tight  door  is  provided  at  each 
end  of  all  bends. 

The  ash  tanks  are  provided 
Avith  discharge  valves  and  water 
sprays,  the  latter  being  arranged 
inside  the  coned  portion  of  the 
tank,  a  pipe  being  taken  from 
the  lower  portion  into  a  sump 
for  the  disposal  of  any  accumu¬ 
lation  of  excess  water.  This 
pipe  is  water-sealed  in  the  sump. 

A  pipe  of  larger  diameter 
than  that  used  for  the  ash  is 
connected  to  the  upper  portion 
of  the  tank,  and  through  it  the 
foul  air  passes  to  a  water-sealed 
cleaner  or  scrubber.  This  appar¬ 
atus  consists  of  a  water-sealed 
vessel  fitted  with  rows  of  water- 
sprayed  bafflers,  to  intercept  dust 
or  fine  particles  of  ash,  which 
otherwise  might  be  carried  into 
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the  exhauster.  The  large  water  seal  at  the  base  of  the  cleaner 
acts  as  a  safety  valve  in  case  of  undue  pressure  or  vacuum  in  the 
apparatus. 

The  ash  is  discharged  from  the  tank  by  means  of  a  balanced 
discharge  valve,  which  permits  of  any  recpured  (quantity  lieing 
delivered  direct  into  a  railway  wagon  or  other  vehicle  underneath. 

The  discharge  valve  is  operated  by  means  of  a  hand  wlieel. 

The  pipe  hne  for  removing  the  flue  dust  from  the  flues,  econo¬ 
miser  and  chimney  base  is  entirely  separate  from  the  ash  pipe  line, 
but  as  a  rule  the  pipe  hues  are  connected  at  the  foot  of  the  pipe 
hne  leading  to  the  ash  tank. 

The  flue  dust  pipes  are  laid  in  the  cleaning  out  pit  alongside 
the  economiser,  and  are  fitted  with  various  connections  in  the 
length  of  the  main  flue  and  at  the 
entrance  to  the  chimney.  The  remaining 
sections  of  the  pipe  are  usually  carried  in  -y 
trenches  below  the  ground  level.  Flue 
dust  is  removed  from  the  flues  and  econo¬ 
miser  chambers  through  short  flexible 
pipes  which  are  removable,  and  may  be 
fixed  to  whichever  branch  it  is  desired 
to  use.  Cover  plates  are  provided  for 
the  flues  and  economiser  for  closing  down 
when  the  dust  is  being  removed.  The 
suction  end  of  each  flexible  pipe  is  fitted 
with  a  special  type  of  unchokeable  nozzle. 


Ash  Inlet  Grid 


Fici.  178. — The  Hexms  Pneumaiic 
Ke.movai.  Plant,  Ash  Intake. 


Ash 


FRONT  ELEVATION 


Fig.  179. — The  Bennis  Steam  Suction  Ash  (Jonveauk,  as  akkancied 
TO  Dischaege  on  a  Heap  Outsihe  the  Boilek  House. 
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The  motor  driven  exhauster  is  of  the  rotary  bloAver  type,  varying  in  capacity 
according  to  the  quantity  of  residual  to  be  handled. 

The  Steam  Suction  Conveyor. — For  small  boiler  houses,  where  the  cost  of  a 


Kk.:.  iso. — The  Bennis  Steam  Sucttox  Ash  Cojjveyok. 


pneumatic  system  is  not  warranted,  a  simple  form  of  steam  suction  conveyor  is  very 
useful.  This  type  is  illustrated  in  Figs.  179  and  180. 

The  steam  suction  ash  conveyor  comprises  a  heavy  cast-iron  pipe  hne  fitted 
as  may  be  necessary  with  bends,  tees  and  corner  pieces,  which  have  renewable 
chilled  metal  wearing  parts. 

For  the  removal  of  ash  a  pipe  line  is  laid  in  the  boiler  house,  usually  under  the 
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floor  plates,  ash  intakes  being  provided  in  the  floor  in  front  of  the  boilers.  'I'lie 
diameter  of  the  pipe  line  is  usually  G  in.  to  8  in.,  the  latter  being  preferable  as  it 
will  take  the  larger  pieces  of  clinker.  The  holes  in  the  ])ii)e  line  an*  provided 
with  valves  through  which  the  ash  is  raked  into  the  pipe. 

Economisers  and  flues  are  similarly  cleaned,  branch  lines  of  smaller  diameter 
— ^usually  4  ins. — being  used  for  this  purpose. 

When  the  steam  valve  is  opened  the  ash  is  raked  into  the  intake  of  the  conveyor 


Fig.  181. — The  Bennis  Bucket  Ash  Elevator. 

and  carried,  by  means  of  the  suction  created  to  the  overhead  ash  hopper,  to  an  ash 
heap  outside,  or  direct  into  a  railway  wagon  or  other  vehicle.  With  this  system 
ash  can  be  elevated  or  carried  for  distances  of  from  2U0  to  300  ft.  if  so  desired. 

Bucket  Ash  Elevators. — The  bucket  type  of  ash  elevator  with  covered  overhead 
storage  bunker  is  illustrated  in  Fig.  181.  This  type  of  elevator  has  been  extensively 
used  in  connection  with  many  small  boiler  installations. 

In  the  case  of  the  plant  illustrated,  the  ash  is  dumped  into  an  8-in.  bucket 
elevator,  arranged  in  a  corner  of  the  boiler  house,  and  is  carried  by  the  elevator 
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into  an  overhead  bunker,  having  a  capacity  of  10  tons.  The  bunker  discharge 
outlet  is  controlled  from  the  ground  level  by  means  of  a  hand  lever  and  rotary 
cut-off  valve. 

The  Usco  Ash  Conveyor. — The  Usco  ash  conveyor  may  be  described  as  a 
scraper  or  drag  type  of  conveyor  working  in  a  trough  arranged  immediately  below 


Fig.  182. — The  Usco  Ash  Conveyor, 
Standard  Arrangement. 


Fig.  183. — The  Usco  Ash  Conveyor  as 
ARRANGED  IN  A  BoiLBE  SETTING. 


that  part  of  the  furnace  where  the  ash  is  delivered  ;  in  the  case  of  a  travelling  grate 
stoker,  under  the  rear  end.  The  ashes  are  delivered  from  the  stoker  into  a  chute, 
the  end  of  which  is  below  the  level  of  the  water  with  which  the  trough  is  filled, 
and  in  which  the  conveyor  operates. 

The  standard  method  of  instalhng  the  system  is  shown  in  Fig.  182,  where  two 
conveyor  chains  are  working  in  one  trough,  with  a  hinged  door  between  them, 

serving  to  diverd  the  flow  of  ashes  coming 
through  the  chute  on  to  one  or  other  chain, 
whichever  may  be  in  operation  at  the  time. 
The  trough  is  designed  so  that  either  chain  can 
be  removed  from  it  without  dismanthng  any 
other  part  of  the  gear. 

The  trough  is  usually  a  cast-iron  vessel 
built  of  strong  ribbed  plates  running  the  whole 
length  of  the  boiler  house,  and  about  2  feet  high. 
It  may  be  supported  upon  trestles  from  the 
basement,  as  shown  in  Fig.  182,  in  which  case 
the  return  part  of  the  chain  will  usually  run  on 
rollers  underneath  the  trough.  In  the  case  of  boilers  which  are  built  on  the  ground 
level,  or  under  which  no  basement  or  ash  tunnel  exists,  the  trough  may  be  built 
in  the  boiler  setting  as  shown  in  Fig.  183.  In  small  installations,  where  the  cost  of 
a  duphcate  conveyor  may  not  be  warranted,  a  single  conveyor  may  be  provided  as 


FTg.  184. — The  Usco  Ash  Conveyor, 
Single  Type. 
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sliowu  in  Fig.  184,  with  an  alternative  outlet  on  the  chute,  so  that  th«*  a:4ie.s  niav, 
if  so  desired,  be  discharged  on  to  the  door  of  the  tunnel,  to  be  removed  l)y  other 
means. 

The  methods  shown  in  Figs.  182  and  183  necessitate  that  the  ash  and  clinker 
pass  through  the  return  chain  on  to  the  lower  or  operative  part  of  the  chain,  the 
space  between  the  chains  and  the  cross  bars  being  ample  for  the  laigest  pieces 
to  pass. 

The  ends  of  the  trough  are  inclined  upward  so  that  it  may  contain  water  which 
is  of  sufficient  height  to  seal  the  ends  of  the  ash  chutes.  The  ashes  are  thus  (pienched 
as  they  fall  from  the  furnace,  preventing  the  escape  of  dust  and  fumes. 


Fig.  185. — The  Usco  Ash  Conveyoe  Ash  Hopper  in  Tunnel 
WITH  Alternative  Discharge  into  Tip  Wagon. 


The  dehvery  end  of  the  conveyor  may  be  continued  any  distance  reipiired,  so 
that  the  ashes  be  discharged  into  a  bunker  or  railway  wagon,  or  on  to  a  dump. 
The  ash  chute  is  only  intended  for  allowing  the  chnker  to  drop  from  the  furnace 
into  the  trough,  and  must  not  be  considered  as  a  storage  hopper. 

The  illustration  Fig.  185  is  reproduced  from  a  photograph  showing  the  con¬ 
veyor  with  ash  hopper  in  an  ash  tunnel. 

The  outlet  at  the  base  is  usually  about  18  in.  wide  and  3  to  4  ft.  long  in  the 
length  of  the  trough,  so  that  the  largest  chnker  can  reachly  pass.  The  I  sco  conveyor 
is  made  by  The  Underfeed  Stoker  Co.,  Ltd. 
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Soot  Removal. — With  the  continued  increase  in  the  size  of  water  tube  boiler 
units,  the  necessity  for  adopting  improved  methods  of  soot  removal  has  become 
increasingly  acute. 

It  is  scarcely  necessary  to  observe  that  the  loss  of  heat  conductivity  is  serious 
as  the  result  of  the  constant  deposit  of  soot  upon  the  heating  surface  of  the  boiler. 

The  Soot  Lance. — The  soot  removing  apparatus  which  has  been  commonly  used 
for  many  years  past,  and  which  is  still  mostly  employed,  is  known  as  the  steam 
or  sooting  lance,  of  which  it  may  be  said  that  its  only  virtue  is  its  simplicity. 

This  method  of  removing  soot  has  always  been  regarded  as  expensive  and 
inefficient,  while  at  the  best  being  but  a  clumsy  expedient.  To  a  large  extent  it 


has  failed  to  effectually  remove  soot ;  it  might,  in  fact,  be  more  fairly  described  as 
a  soot  disturber. 

In  practice  too  large  a  proportion  of  the  soot  is  merely  lifted  from  one  section 
of  the  boiler  and  deposited  in  another;  in  short,  the  method  is  haphazard,  and  as 
such  must  ere  long  be  superseded  by  a  positive  and  efficient  system. 

Mechanical  Soot  Blowers. — In  the  larger  installations  of  water  tube  boilers, 
hand  sooting  is  now  being  abandoned  in  favour  of  mechanical  soot  blowers.  The 
adoption  of  larger  boiler  units,  and  accordingly  the  greater  width  between  the  side 
walls  of  the  setting,  renders  imperative  the  adoption  of  some  simple  and  effective 
means  of  ridding  the  heating  surfaces  of  soot  deposit. 

In  the  United  States  for  some  few  years  past  the  use  of  the  steam  lance  has 
been  largely  abandoned  in  favour  of  fixed  mechanical  soot  blowers,  operated  as  a 
general  rule  from  the  firing  floor  and  used  at  frequent  intervals. 


STEAM  BOILER  AND  BOILER  IIOl^SE  EQUIPMENT  :^]7 


Dimnond  Soot  Blowers. — The  diamond  soot  l)lo\vers  illustrated  in  Fi^s.  I8(i 
and  187  are  bolted  upon  the  side  or  sides  of  the  boilers  in  suitable  positions,  bavin*' 


The  blower  jet  tube  lias  a  line  of 


in  mind  the  working  range  of  each  blower, 
jets  along  its  length,  the  jets  lying  at  right 
angles  to  the  boiler  tubes. 

The  operating  head  of  the  blower 
contains  a  dual  purpose  worm  gear,  the 
first  movement  of  which  by  means  of  the 
extension  handle  on  the  blower  opens  the 
valve  which  is  contained  in  the  steam  head, 
the  further  movement  giving  motion  to  the 
jet  tube,  and  rotating  the  same  through 
the  segment  of  a  circle,  thereby  subjecting 
the  tubes  to  the  cleaning  action  of  the  steam 
jets  as  they  traverse  through  the  paths 
indicated.  The  limit  of  travel  is  fixed  by 
stops  fitted  in  the  blower  head. 

The  operation  of  the  blowers  is  very 
simple,  no  skilled  attendance  is  necessary. 

The  advantage  of  the  valve  in  the  head  is 
not  only  in  simphfying  the  pipework,  Imt 
the  design  admits  of  instant  movement  of 
the  jet  tube  as  soon  as  the  steam  supply 
is  fully  opened. 

The  ideal  cleaning  action  with  a  soot 
blower  is  in  the  slow  and  steady  action  of 
the  jet  tube,  as  it  will  be  readily  understood 
that  only  a  slight  movement  of  the  same 
will  cause  the  jet  at  its  extremity  to  pass 
over  a  considerable  distance.  The  worm 
drive  in  the  head  ensures  this  action. 

It  is  claimed  that  the  simplicity  and 
ease  with  which  the  blowers  can  be  operated 
encourage  their  regular  use,  whereas  there 
is  no  doubt  that  sooting  with  a  lance  is 
work  which  is  as  unpopular  as  it  is 
ineffective. 

The  blower  jet  tubes  are  constructed 
of  Perek’s  reactal  metal,  which  is  said  to 

be  capable  of  standing  constant  exposure  to  a  temperature  of  1000°  C.,  and 
to  be  unaffected  by  chemical  action  of  the  furnace  gases. 

The  blowers  may  be  operated  either  from  the  firing  floor  level  or  from  a  gantry 
as  desired.  As  compared  with  the  operation  of  the  steam  lance,  the  blowers  provide 
a  positive  method  ;  they  eliminate  the  uncertain  and  variable  human  factor,  un- 


Fir,.  187. — The  Di.^monh  Soot  Hi.oweu. 
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doubtedly  doing  the  work  very  much  more  efficiently  and  quickly,  with  a  reduction 
in  the  consumption  of  steam  used. 

Further,  the  systematic  and  frequent  use  of  apparatus  for  freeing  the  heating 
surfaces  of  soot  deposit  means  greater  heat  transmission  and  a  lower  temperature 
of  the  exit  gases,  with  a  consequent  increase  in  the  thermal  efficiency. 

The  Covering  of  Boilers  and  Steam  Pipes. — In  one  of  the  excellent  technical 
papers  ^  prepared  by  the  United  States  Fuel  Administration  for  the  guidance  of 
steam  users,  the  use  of  non-conducting  material  for  the  covering  of  boilers  and 
steam  pipes  is  thus  referred  to  : — 

“  If  you  cover  a  steam  pipe  with  asbestos,  magnesia,  or  other  heat- insulating 
material,  you  keep  the  heat  in  the  steam.  If  you  line  or  coat  a  boiler  tube  wdth 
scale  or  other  heat-insulating  material,  you  keep  the  heat  out  of  the  boiler  water 
and  send  it  to  the  stack.  By  lagging  your  pipes  you  save  fuel  easily.  By  lining 
your  tubes  with  scale,  you  waste  it  continuously  and  needlessly.” 

Xot  only  is  the  loss  of  fuel  heavy  as  the  result  of  failing  to  cover  boilers  and 
steam  pipes  with  non-conducting  composition,  but  the  use  of  cheap,  unsuitable 
and  inefficient  material  is  also  responsible  for  a  serious  avoidable  loss. 

While  obviously  a  covered  surface  must  be  more  efficient  than  a  bare  surface, 
the  use  of  an  insufficient  thickness  of  insulation,  as  also  cheap  composition,  having 
an  efficiency  of  from  40  to  60  per  cent.,  is  all  too  common. 

The  higher  steam  temperatures  which  are  now  becoming  common  practice 
necessitate  the  use  of  non-conducting  covering,  not  only  of  proved  efficiency,  but 
also  capable  of  withstanding  constant  exposure  to  high  temperature  conditions, 
without  charring  or  disintegration. 

The  tabulated  results  of  tests  (Tables  42  to  44)  showing  the  heat  losses 
from  covered  and  uncovered  pipes  are  of  umrsual  interest,  as  they  have  been 
extracted  from  a  report  on  insulating  materials  prepared  by  The  National  Physical 
Laboratory,  Teddington,  in  December  1922  and  January  1923,  for  Messrs  Hobdell 
Way  &  Co.,  Ltd.,  by  whose  courtesy  they  are  included. 

Instruments  and  Testing. — In  Technical  Paper  No.  219,^  prepared  by  the 
United  States  Fuel  Administration,  based  upon  an  article  by  Mr  Joseph  W.  Hays, 
the  importance  of  using  control  instruments  is  thus  referred  to  ; — 

“  There  is  absolutely  only  one  way  to  stop  wasting  coal  burned  in  steam  power 
jJants.  Part  first  of  this  one  and  only  way  is  to  ensure  that  every  particle  of  the 
carbon  of  the  coal  comes  into  intimate  contact  with  enough  heated  air  to  supply 
2f  lbs.  of  oxygen  ^  to  each  lb.  of  carbon.^ 

Part  second  of  this  one  and  only  way  to  ensure  fuel  ecoiiomy  is  to  ensure  that 
the  maximum  proportion  of  the  heat  developed  produces  steam. 

’  See  Technical  Paper  218,  “Boiler  Water  prepared  by  the  XTnited  States  Fuel  Administration," 
in  collaboration  with  the  Bureau  of  Mines.  Keprint  of  Engineering  Bidletin  No.  3,  Department  of  the 
Interior,  Washington,  1919. 

2  See  Technical  Paper  No.  219,  “Combustion  and  Flue  (las  Analysis,’’  Department  of  the 
Interior,  Bureau  of  Mines,  1919. 

^  This  weight  of  oxygen  would  be  contained  in  11  -5  lbs.  of  air. 

^  Carbon  will  be  cf)nsidered  to  be  the.  only  combustible  component  of  coal. 
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TABLE  No.  42 
Heat  Loss  from  Covered  Pipes 


B.T.U.’s  per  hour  per  square  foot  of  lagged  surface  per  degree  Falireidieit 
temperature  difference  between  the  pipe  and  the  air  of  tlie  room. 


( V)ver. 

Heat  loss 

in  B.T.r.’s  per  hour  per  S(iuare  foot  i 

ler  deiiree 

temperature  difference. 

Temjicrature  ditference. 

(Composition. 

180°  F. 

270°  F. 

.300°  F. 

450°  F. 

540°  F. 

(i3o  F.  720  F. 

810  F. 

1  ( IS  !•'. 

1. 

Magnesia,  2" 

+  Achille.s,  V 

0:50 

0-30 

0-31 

0-.32 

0-.32 

(t-33 

2. 

3. 

Hobsil,  1-2"  . 

Hobsil,  1-2" 

0-60 

0-61 

0-61 

0  03 

0  04 

0  05 

-P Magnesia,  0-99" 

0-.3.') 

0-.3fi 

0-.36 

0-.37 

n-.38 

0-39  0-40 

040 

4. 

Hobsil,  1-2" 

-f  Magnesia,  0-99" 

Achilles,  0-80"  . 

0-.3.3 

0-.3.3 

0-.34 

0-34 

0-.35 

0-35  0-30 

0-.37 

0'39 

.fi. 

Magnesia,  2-12" 

0-27 

0-28 

0-29 

0-30 

0-.32 

Atmospheric  tempera trrre  about  70°  F. 

Area  of  1  ft.  length  of  test  pipe  =  1  -44  sq.  ft. 


In  all  cases  final  readings  were  taken  only  when,  for  a  given  energy  consumption 
in  the  heater,  the  temperature  excess  of  the  ]fipe  had  attained  its  final  steady  value. 
The  results  given  are  taken  from  smooth  curves  through  the  experimental  ])oints. 
The  actual  divergence  of  an  experimental  point  from  this  mean  curve  was  usually 
less  than  2°  C. 


TABLE  No.  4.4 


Heat  Losses  from  Vncorered  Pij)es 

Surface  : — Oxidised. 

Room  temperature,  about  70°  F. 


Tem])eratiire 
excess  of 
pi])e. 


Heat  loss  from  pipe  (B.T.U.'s)  jter 
S((uare  foot  ])er  hour  ])er  degree 
Fahrenheit,  tenii)erature  excess. 


180° 

2-6 

(2-6) 

270° 

3-1 

(3-0) 

360° 

3-7 

(3-6) 

4.60° 

4.4 

.640° 

6-1 

630° 

6-9 

720° 

6-9 

.  . 

810° 

8-0 

*  “The  values  in  brackets  were  obtained  by  experiments  with  pijie  previously  mentioned,  the 
other  figures  quoted  being  for  a  9-in.  pipe.  After  this  surface  was  fre.shly  cleaned  with  sandpaper,  a 
result  was  obtained  of  2-2  units  at  180^  Fahr.  temperature  excess.” 
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TABLE  No.  44 
Heat  Loss  from  Covered  Pipes 

(B.T.U.’s  per  hour  per  scpiare  foot  of  lagged  surface  per  degree  Fahrenheit 
temperature,  difference  between  the  pipe  and  the  air  of  the  room. ) 


Heat  loss  in  B.T.U.’s  per 

hour  per  square  foot  per  degree  temperature  difference. 

Temperature 
of  Pi]ie  °F. 

Magnesia. 

Hobisil  in.  + 
^lagnesia  1  in. 
+  Achilles  in. 

Hobsil  1  in.  + 

1  in. 

1  i  in. 

2  in. 

2i  in. 

^lagnesia  1  in. 

4-  Achilles  |  in. 

350 

0-51 

0-39 

0-32 

0-28 

040 

0-35 

400 

0-52 

0-39 

0-32 

0-28 

041 

0-36 

450 

0-52 

0-40 

0-33 

0-28 

042 

0-36 

500 

0-52 

0-40 

0-33 

0-29 

042 

0-36 

550 

0-53 

0-40 

0-33 

0-29 

043 

0-37 

600 

0-53 

041 

0-34 

0-29 

043 

0-37 

650 

0-53 

041 

0-34 

0-29 

043 

0-37 

700 

0-54 

041 

0-34 

0-30 

044 

0-38 

750 

044 

0-38 

800 

444 

0-38 

900 

045 

0-39 

1000 

.  . 

045 

0-39 

10.50 

045 

D-.39 

To  do  both  these  things  is  absolutely  the  only  way  to  make  each  lb.  of  coal 
generate  all  the  steam  it  can.^  To  even  attempt  to  do  either  ivithout  the  use  oj  the 
control  instruments  to  be  referred  to  later,  is  simply  to  waste  coal,  inevitably,  invariably, 
and  unnecessarily.  In  order  to  save  fuel  by  burning  it  correctly,  it  is  not  enough 
to  merely  bring  about  the  proper  conditions  in  the  furnace.  These  conditions 
after  they  are  started  must  be  kept  going,  and  we  must  have  some  means  of 
knowing  positively  that  they  are  being  kept  up.” 

The  present  position  in  this  country  is  that  in  the  majority  of  boiler  houses 
no  provision  whatever  exists  for  the  weighing  of  coal  and  the  measurement  or 
weighing  of  feed  water. 

It  is  scarcely  necessary  to  observe  that  these  are  but  the  necessary  preliminary 
steps  towards  efficiency  in  operation,  and  until  means  have  been  provided  for 
accurately  determining  the  weight  of  coal  burned  and  the  quantity  of  water 
evaporated  in  a  given  time,  nothing  whatever  can  be  known  as  to  the  actual  results 
which  are  being  obtained. 

'  Practically,  the  highe.st  desirable  tem])eratiire  will  depend  ii]>on  the  fusing  ])oint  of  the  ash. 
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This,  unfortunately,  is  the  present  condition  in  connection  with  the  inajoritv 
of  steam  boiler  installations  in  Great  Britain.  It  is  the  root  cause  of  tlie  existing 
low  average  thermal  efficiency,  and  is  responsible  for  an  enormous  waste  of  coal, 
which  is  detrimental  alike  to  the  steam  user  and  the  nation. 

The  actual  cost  of  weighing  coal  and  measuring  water  is  negligible  in 
comparison  with  the  value  of  the  information  obtained.  The  first  ste[)s  towards 
efficiency  do  not  involve  the  provision  of  elaborate  and  costly  apparatus. 

For  occasional  or  periodical  evaporative  te.sts  tanks  may  be  used,  and  although 
it  has  been  recommended  that  all  water  used  should  be  weighed,  it  is  usuallv 
found  to  be  much  more  convenient  to 
arrange  for  measurement  by  volume. 

The  most  suitable  arrangement  is  to 
provide  two  graduated  measuring  tanks 
of  equal  capacity,  placed  side  by  side  and 
connected  up  as  shown  in  Fig.  188,  the 
outlet  from  each  tank  to  the  feed  pump 
being  provided  with  a  cock  so  that  the 
pump  may  take  the  supply  of  feed  water 
from  each  tank  alternately. 

These  two  tanks  should  each  have  a 
capacity  of  not  less  than  twenty  minutes’ 
supply,  so  that  the  attendant  may  have 
ample  time  to  open  and  close  the  cocks, 
observe  and  check  the  water  level,  take 
the  temperatures,  and  note  all  records. 

It  is  sometimes  preferred  to  provide 
a  third  tank  to  be  used  as  a  feed  tank, 
this  being  fed  alternately  with  fixed  and 
equal  quantities  by  the  two  calibrated 
tanks,  the  pump  or  injector  taking  its 
supply  from  the  feed  tank.  As  a  general 
rule  it  will  be  found  that  the  arrange¬ 
ment  of  two  tanks  is  perfectly  satis¬ 
factory,  but  there  is,  of  course,  no 
1  .  ,  ,,  .  .  r  ,,  ,  Fig.  188. — Arr.\ngemext  of  Feed-water 

objection  to  the  provision  ot  the  extra  Measuring  Tanks. 

and  separate  feed  tank,  if  so  desired. 

With  careful  and  systematic  operation  this  method  of  water  measurement  is 
accurate,  and  will  meet  all  reasonable  requirements,  for  a  steam  boiler  plant  of 
small  or  moderate  size,  for  an  occasional  evaporative  test,  and  also  for  the  checking 
of  meter  measurement. 

All  coal  must  be  weighed,  and  as  with  the  water  so  with  the  coal,  absolute 
accuracy  in  the  records  taken  is  essential.  For  an  ordinary  test  it  will  usually  be 
found  quite  satisfactory  to  weigh  the  coal  in  a  barrow  or  other  receptacle  on  a  scale 
or  weighing  machine,  in  quantities  of  1  cwt.  or  2  cwts.  at  a  time.  In  order,  hoivever, 


X 
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to  avoid  the  constant  weighing  of  coal  throughout  the  test,  it  is  best  to  arrange  at 
intervals  to  weigh  half  a  ton  or  one  ton,  then  depositing  the  same  upon  the  firing 
floor  ready  for  use. 

For  periodical  evaporative  tests,  the  proposed  arrangements  both  in  regard  to 
the  measurement  of  feed  water,  and  the  weighing  of  coal  will  be  found  quite  satis¬ 
factory,  while  not  involving  either  serious  trouble  or  expense. 

For  the  continuous  measurement  of  feed  water,  either  of  the  meters  already 
described  may  be  used  or  others.  For  the  constant  automatic  measurement  and 
recording  of  coal  used  in  connection  with  individual  boilers,  the  Lea  coal  flow 
meter,  see  Figs.  175  and  176  will  be  found  exceedingly  useful,  although  the 
application  of  this  device  is  limited  to  water  tube  boilers,  fitted  with  chain  grate, 
or  travelling  grate  stokers. 

There  are  other  types  of  continuous  weighing  and  measuring  apparatus  for  coal 
used  in  connection  with  overhead  bunkers,  and  a  gravity  supply  through  coal 
chutes,  delivering  the  fuel  into  the  hoppers  of  mechanical  stokers  ;  these  are  made 
both  in  fixed  and  travelling  types. 

Assiuning  that  means  are  provided  for  the  satisfactory  measurement  or  weighing 
of  the  feed  water,  and  the  coal,  either  for  periodical  or  continuous  use,  it  is  then 
necessary  to  provide  for  analysis  of  the  fuel  used. 

In  the  case  of  works  of  small  or  moderate  size,  where  the  conditions  are  such 
that  a  reasonable  efficiency  can  be  maintained  with  occasional  evaporative  tests, 
it  is  not  necessary  to  provide  for  the  analysis  of  fuel  on  the  premises.  Carefully 
selected  samples  may  be  taken  periodically,  and  sent  to  one  of  the  well-known 
testing  laboratories  for  their  report. 

Having  arranged  for  the  measurement  of  weighing  of  coal  and  feed  water, 
as  also  for  the  analysis  of  coal,  it  is  now  possible  to  ascertain  what  is  being 
done,  i.e.  what  results  are  being  obtained,  and  to  compare  the  same  with 
the  results  which  should  be  obtained,  having  in  mind  the  calorific  value  of  the 
fuel  used. 

In  the  average  case  it  will  be  found  that  the  evaporation  obtained  per  pound 
of  fuel  burned  is  low,  in  many  cases  very  low.  It  may,  for  instance,  be  shown  that 
by  comparison  with  the  calorific  value  of  the  fuel  used,  that  only  from  50  to  60  per 
cent,  of  the  heat  units  in  the  coal  are  accounted  for  in  the  evaporative  results 
obtained. 

The  next  step  towards  efficiency  is  to  discover  how,  why  and  where,  the  loss 
in  efficiency  may  be  accoimted  for.  This  involves  the  provision  and  careful  use 
of  instruments,  and  apparatus,  which  will  be  discussed,  as  also  the  systematic 
logging  and  study  of  all  essential  records. 

The  range  and  types  of  the  instruments  to  be  used  will  necessarily  be  determined 
by  the  size  of  the  steam  plant.  While  it  is  impossible  to  secure  and  maintain 
efficient  working  conditions  without  the  use  of  certain  apparatus,  such  as  a  draught 
gauge,  a  COg  recorder,  or  flue  gas  analyser,  a  |  yrometer,  and  thermometers,  the 
type  and  number  of  these  and  other  instruments,  and  a  cordingly  their  cost,  will 
depend  upon  the  number  of  boilers  used,  and  the  choice  between  a  rigid  system 


STEAM  BOILER  AND  BOILER  HOUSE  EQl  IPMEN'l'  li'Iii 

of  testing,  recording,  and  checking,  or  witli  small  j)lant  [)eri(jdical  testing  and 
checking  only. 

In  large  works  where  a  spare  boiler  is  available  it  is  desirable  t(j  eoinj)letelv 
equip  a  boiler  for  continuous  testing  and  experimental  [)ur[)o.ses.  It  is  then  ])ossible 
to  carry  out  very  exhaustive,  ])ractical  tests,  under  working  conditions,  and  to 
determine  and  set  the  efficiency  standard  for  all  the  boilers. 

Even  for  small  works,  as  already  observed,  a  certain  definite  minimum  etpiipment 
is  necessary,  if  any  effective  steps  are  to  be  taken  to  determine  the  existing  conditions, 
and  to  bring  about  any  material  improvement. 

Coal  Analysis. — The  analysis  of  coal  is  of  vital  importance,  not  only  in  order 
to  determine  the  results  which  should  be  obtained  in  its  combustion,  but  also  to 
ascertain  its  quality,  characteristics,  and  suitability,  as  also  its  comparative  value, 
having  in  mind  its  cost. 

In  order  to  take  any  really  effective  steps  for  the  promotion  of  economy  and 
efficiency  in  the  boiler  house,  it  is  of  primary  importance  to  institute  a  regular  system 
of  fuel  analysis. 

If  fuel  analysis  were  the  general  rule  among  steam  users,  if  the  vast  majority, 
instead  of  the  comparatively  few,  adopted  this  course,  the  coal  owner  and  the 
middleman  would  very  quickly  realise  that  existing  methods  must  cease,  and  that 
the  purchaser  must  be  supplied  with  a  commodity  closely  approximating  in  value 
to  the  price  demanded. 

If  steam  users  generally  thus  took  steps  to  protect  themselves,  far  less  would 
be  heard  about  dirty  coal,  and  also  excessive  moisture  in  some  fuels.  Under 
existing  conditions  steam  users  have  had  to  pay  very  heavily  for  useless  incom¬ 
bustible,  and  also  water.  While  it  is  true  that  cleaner  fuel  is  now  being  su])plied, 
the  user  will  not  be  adequately  protected  until  he  protects  himself,  and  he  will  not 
reach  this  stage  until  he  realises  the  importance  of  analysis. 

In  the  United  States,  it  is  now  possible  to  purchase  fuel  on  the  basis 
of  its  calorific  or  heat  value,  which  is  the  only  correct  and  satisfactory  purchase 
basis. 

This  is  the  purchase  basis  which  must  ultimately  be  adopted  in  Great  Britain, 
although  hitherto  it  has  not  found  much  favour.  A  much  more  extensive  adoption 
of  fuel  analysis  by  steam  users  would  undoubtedly  tend  towards  this  desirable 
change  in  the  purchase  basis,  and  hasten  its  general  recognition  and  adoption. 

Referring  to  the  purchase  of  coal,  Mr  R.  Clayton  in  his  very  useful  work, 
“  Boiler  Inspection  and  Maintenance,”  ^  makes  the  fo.lowing  observations  : — 

“  In  the  past  coal  has  generally  been  purchased  in  a  slipshod  manner — usually 
in  the  cheapest  market — and  it  has  been  used  without  any  systematic  reference  to 
its  quality,  or  to  the  amount  of  work  which  it  performed.  Whilst  large  coal  bills 
were  deplored,  no  attempt  was  generally  made  to  investigate  the  reason. 

“  In  the  majority  of  factories  no  idea  prevailed  as  to  the  amount  of  steam  raised 
per  day,  or  per  working  week,  and  coal  delivery  notes  were  usually  strung  on  a 

^  See  “Boiler  Inspection  and  Maintenance,”  by  R.  Clayton,  Surveyor,  JIanchester  Steam  Users’ 
Association. 
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skewer  and  liung  in  some  odd  corner  of  tke  general  office,  to  litter  the  place  and 
harbour  dust.” 

Those  who  have  had  experience  of  the  conditions  which  have  obtained,  and 
which  still  obtain  in  a  large  number  of  works,  will  not  question  the  accuracy  of 
i\Ir  Clayton’s  statements.  These  are  the  conditions  which  will  have  to  be  abandoned 
before  any  considerable  advance  can  be  made  in  the  efficient  use  of  coal  for  the 
generation  of  steam. 

There  is  only  one  correct  method  of  purchasing  coal,  that  is  on  the  basis  of  its 
calorific  or  heating  value  as  determined  by  a  calorimeter,  due  consideration  being 
given  to  the  quantity  of  moistme,  both  hygroscopic  and  free,  the  percentage  of 
ash  and  sulphur,  as  also  the  volatile  hydrocarbons. 

Proximate  analysis,  which  vdll  suffice  for  all  ordinary  purposes,  gives  the 
moisture  percentage,  and  the  percentages  of  volatile  matter,  fixed  carbon,  and 
ash,  as  also  the  calorific  value  of  the  fuel. 

Ultimate  analysis,  which  for  all  ordinary  purposes  is  quite  unnecessary,  gives 
the  chemical  composition  of  the  coal,  i.e.  the  percentages  of  carbon,  hydrogen, 
nitrogen,  and  oxygen.  The  loss  due  to  moisture  in  coal  usually  averages  about 
4  to  5  per  cent.,  but  as  this  loss  increases  at  the  rate  of  1  per  cent,  for  every  10  per 
cent,  of  free  moisture  in  the  fuel,  it  is  very  desirable  in  its  purchase  to  have  due 
regard  for  the  moisture  content,  which  in  the  case  of  coke  breeze  and  coke,  may 
be  as  high  as  15  per  cent,  or  even  in  excess  of  this. 

The  moisture  loss  referred  to  above  is  the  combustion  loss,  this  does  not 
represent  the  total  loss  diie  to  an  excessive  moisture  content,  inasmuch  as  the 
moisture  is  purchased  at  the  same  rate  as  the  fuel,  involving  also  the  extra  cost 
of  transport  and  handling. 

In  proximate  analysis  it  is  understood  that  the  term  volatile  matter  applies 
to  the  volatile  hydrocarbons  liberated  by  heat  as  distinct  from  the  moisture.  The 
fixed  carbon  is  the  carbonaceous  residue  remaining  after  the  distillation  of  the 
moisture  and  volatile  matter,  and  after  deducting  the  ash. 

In  the  taking  of  samples  of  coal  for  analysis  it  is  of  the  utmost  importance 
that  the  sample  shall  be  thoroughly  representative  of  the  bulk,  otherwise  the  results 
obtained  may  be  entirely  misleading  and  worthless. 

Having  in  mind  the '  very  small  proportion  of  an  average  sample  which  is 
ultimately  tested,  it  will  be  appreciated  how  easily  an  error  of  from  1000  to  2000 
B.T.U.’s  in  the  calorific  value  may  be  made,  and  how  important  it  is  that  the 
sample  for  analysis  should  be  selected  with  the  utmost  care. 

Calorimeters. — One  of  the  most  reliable  standard  calorimeters  is  the  oxygen 
bomb  Mahler  type  of  instrument.  It  is,  however,  a  somewhat  intricate  apparatus, 
and  frequent  use  is  necessary  in  order  to  obtain  consistent  and  accurate  results. 

For  more  general  use  the  sodium  peroxide  electrically  fired  bomb  calorimeter 
will  be  found  a  very  convenient  and  useful  apparatus.  After  a  little  experience 
in  the  use  of  this  instrument  it  will  usually  be  found  that  the  results  obtained  will 
agree  very  closely  with  those  obtained  with  the  Mahler  bomb  calorimeter. 

The  Rosenhain  Fuel  Calorimeter. — This  calorimeter  is  an  improved  form  of 
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the  well-known  Thomson  instrument,  and  is  made  by  the  Cambridiie  <k  haul 
Instrument  Co.,  Ltd. 

The  instrument  comprises  essentially  two  ])arts  —  the  calorimeter  vessel 
containing  the  water,  and  the  combustion  chamber  in  which  the  coal  is  burned. 
The  combustion  chamber  is  formed  of  a  glass  lamp  chimney  closed  at  the  to|)  and 
bottom  which  are  separated  from  the  glass  by  rubber  washers. 

The  plates  are  drawn  together  by  means  of  screws  on  three  nickel-])lated  brass 
uprights  fixed  to  the  lower  plate.  A  ball  containing  a  stuffing  box  is  mounted  on 
the  upper  plate,  through  which  a  tube  passes  containing  the  electric  ignition  device. 

The  upper  plate  also  carries  a  tube  for  admitting  oxygen  into  the  combustion 
chamber.  A  wire  gauze  nozzle  is  fitted  to  the  end  of  this  tul)e  to  ])revent  the  oxygen 
jet  from  breaking  up  the  coal  sample. 

The  combustion  chamber  communicates  with  the  exterior  by  means  of  an 
aperture,  thus  permitting  the  products  of  combustion  to  pass  from  the  vessel  to 
the  surrounding  water.  This  aperture  is  closed  by  a  ball  valve  which  allows  the 
gases  to  pass  from  the  combustion  chamber  to  the  surrounding  water,  but  prevents 
the  water  from  entering  the  chamber.  An  arrangement  is  fitted  by  which  the  ball 
can  be  raised  to  allow'  some  w'ater  to  enter.  This  W'ater  is  then  forced  out  by  the 
oxygen  and  mixed  wuth  the  rest  of  the  water,  thus  ensuring  that  the  calorimeter 
and  its  contents  are  brought  to  one  temperature.  To  prevent  radiation  the  calori¬ 
meter  vessel  is  enclosed  in  a  wooden  case,  through  openings  in  the  side  of  which 
the  progress  of  combustion  may  be  watched. 

The  following  accessories  are  required  for  the  proper  use  of  the  instrument  : — 

(1)  A  convenient  source  of  oxygen,  capable  of  giving  a  sufficient  pressure  to 
force  the  gas  through  the  instrument.  A  cylinder  fitted  wuth  a  reducing  valve  is 
most  convenient. 

(2)  A  coil  of  metal  pipe  through  wdiich  the  oxygen  may  be  passed  before 
entering  the  instrument.  This  should  be  fitted  wuth  a  thermometer  divided  to 
0-2°  C.,  and  its  temperature  should  not  vary  appreciably. 

(3)  A  measure  of  1000  c.c.  capacity. 

(4)  A  good  thermometer  for  measuring  the  rise  of  temperature  of  the  calori¬ 
meter.  This  should  be  very  sensitive,  and  capable  of  being  read  to  0-01°  C. 

(5)  A  4- volt  accumulator,  and  flexible  leads  to  connect  it  to  the  ignition  terminal. 

(6)  A  small  silica  dish  on  which  the  coal  stands  during  combustion. 

(7)  A  coal- compressing  mortar  for  preparing  the  coal  samj^les.  With  this 
calorimeter  practically  perfect  combustion  is  secured,  less  than  |  per  cent,  of  the 
sample  escaping  combustion ;  when  the  combustion  is  properly  regulated  no  carbon 
monoxide  is  formed. 

A  determination  of  the  calorific  value  can  be  made  in  about  half  an  hour.  The 
combustion  of  two  grammes  of  coal  occupies  about  ten  nunutes. 

No  parts  of  the  apparatus  are  exposed  to  high  pressure,  a  small  quantity  of 
oxygen  is  required,  and  the  only  breakable  paid  is  the  glass  chimney,  wdiich  can 
be  replaced  quickly  for  a  few  pence. 

As  the  sample  is  burned  under  observation,  its  behaviour  as  regards  caking 
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and  clinkering  can  be  seen.  No  stirring  of  the  water  is  required :  this  is  agitated 
by  the  gas  bubbling  through  it.  For  standardising  the  calorimeter  the  makers 
supply  small  coal  briquettes,  the  calorific  value  of  which  has  been  carefidly 
determined  and  which  is  indicated  on  the  receptacle.  The  water  equivalent  is 
best  determined  by  burning  in  the  calorimeter  samples  of  this  coal. 

The  calorimeter  may  also  be  used  for  testing  the  calorific  value  of  oils,  for 
which  purpose  the  makers  supply  standardised  absorption  pellets.  The  Eosenhain 
calorimeter  is  illustrated  in  Fig.  189. 

In  the  larger  Avorks  fuel  analysis  AA’ould  of  course  be  regular,  systematic,  and 

I 


Fig.  189. — The  Eosenhain  Fuel  Calobimetek. 

actually  paid  of  the  ordinary  routine  operation.  In  the  case  of  the  small  works^ 
as  already  observed,  the  analysis  of  coal  should  be  no  less  systematic,  but  ha  sung 
in  mind  the  less  frequent  deliveries  with  possibly  no  variation  in  the  source  of 
supply,  and  the  small  consumption,  a  AA^eekly,  foidnightly,  or  monthly  analysis 
of  a  representatiA^e  sample  sent  to  a  testing  laboratory  Asmild  serve  to  maintain 
an  efficient  check  on  the  purchases,  and  would  at  the  same  time  provide  a  basis 
for  the  comparison  of  the  results  obtained  in  periodical  evaporative  tests. 

Flue  Gas  Analysis. — Flue  gas  analysis  is  essential  in  order  to  determine  the 
completeness  of  the  combustion  of  the  carbon  in  the  fuel  and  the  extent  of  the 
heat  losses  due  to  incomplete  combustion. 
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The  quantities  as  determined  by  analysis  are  volumetric,  and  should  be  ascer¬ 
tained  in  the  following  order: — Carbon  dioxide  (COo),  oxygen  (()),  and  carbon 
monoxide  (CO).  Flue  gas  analysis  provides  data  which  is  of  much  value  for  a 
study  of  the  following  : — • 

(1)  The  handling  of  the  fire. 

(а)  Determination  of  the  correct  method  of  firing. 

(б)  The  proper  levelling  of  the  fire  to  keep  it  free  fiom  holes  and 
consequent  air  leakage. 

(c)  The  depth  or  thickness  of  the  fire  to  produce  the  highest  efficiency. 

(2)  The  most  efficient  draught  for  the  thickness  of  the  fire  and  the  load  on 
the  boiler. 

(3)  The  condition  of  the  boiler  setting  from  the  point  of  view  of  air  infiltration. 

(4)  The  necessity  for  providing  a  secondary  air  supply  to  complete  combustion. 

(5)  To  some  extent  the  design  and  construction  of  the  furnace. 

In  common  with  all  analysis  the  value  of  the  flue  gas  analysis  depends  to  a 
very  large  extent  upon  the  care  taken  in  obtaining  an  average  sample,  and  this 
should  he  taken  from  the  body  of  the  gas  stream. 

The  precise  position  of  the  sampling  tube  connection  will  be  determined  by 
the  use  to  be  made  of  the  analysis.  If  it  is  desired  to  ascertain  the  total  heat  losses, 
then  the  connection  must  be  made  at  a  point  where  the  sample  will  show  the  effect 
of  all  air  infiltration  to  the  setting. 

If,  on  the  contrary,  data  is  required  for  furnace  or  fire  control  only,  the  sample 
must  be  taken  at  a  point  where  the  gases  are  not  diluted  by  air  infiltration.  In 
every  case  care  must  be  taken  that  no  air  leakage  occurs  around  the  sampling 
pipe,  as  this  would  give  misleading  data  in  regard  to  the  composition  of  the  gases. 

The  samphng  tube  preferably  should  be  a  length  of  J  in.  to  in.  WTOught-iron 
tube,  extending  into  the  centre  of  the  gas  stream,  and  arranged  at  right  angles 
to  its  flow ;  the  end  of  the  tube  should  be  cut  square. 

The  question  is  frequently  asked — Is  continuous  analysis  of  the  gases  necessary 
or  desirable  ?  This  must  be  determined  by  the  size  of  the  plant,  the  working  hours, 
and  the  conditions  generally.  For  small  steam  plants  operated  for  about  ten  hours 
daily  under  fairly  regular  load  conditions,  occasional  or  periodical  analyses  foi- 
check  purposes  for  maintaining  efficient  working  conditions  will  suffice.  For  all 
other  steam  plants  continuous  analysis  with  a  recording  instrument  is  not  only 
preferable  but  essential,  if  any  serious  attempt  is  to  be  made  to  secure  and  maintain 
efficient  operation  and  control. 

In  the  exploitation  of  apparatus  in  Great  Britain  for  the  determination  of 
COg  in  the  gases,  there  has  been  and  still  is  a  disposition  to  disregard  the  effect 
of  CO.  A  thick  fuel  bed  and  a  limited  or  controlled  air  supply  will  show  a  high 
COg  reading,  but  such  conditions  are  very  favourable  for  the  production  of  CO, 
and  will  sometimes  show  an  excessive  cpiantity  of  CO  in  the  gases. 

The  ignition  temperature  of  CO  is  about  1200°  F.,  therefore  unless  satisfactory 
diffusion  is  secured  before  the  gases  come  into  contact  with  the  comparatively 


328  UTILISATION  OF  LOW  GRADE  AND  WASTE  EUELS 


cool  heating  surface,  the  combustion  will  be  incomplete,  despite  the  fact  that  a 
high  percentage  of  CO2  is  recorded. 

It  is  important  to  periodically  check  the  residts  obtained  from  a  CO2  instrument 
by  means  of  a  complete  gas  analysis  with  an  Orsat  apparatus  or  a  Hay’s  gas 
analyser  (see  Fig.  190).  Tliis  check  analysis  will  not  only  show  whether  the  CO2 
instrument  needs  adjustment,  but  also  if  any  CO  is  present  in  the  gases. 


Fig.  190. — Hay’s  Flue  Gas  Analyser. 

Hay's  Flue  Gas  Analyser. — Hay’s  flue  gas  analyser,  which  is  illustrated  in 
Fig.  190,  is  of  American  design  of  the  improved  Orsat  type,  and  is  a  very 
convenient  and  compact  apparatus  for  the  periodical  determination  of  COg, 
CO  and  0. 

The  burette  in  which  the  gases  are  measured  is  water  jacketed  to  control  the 
temperature,  all  measurements  being  made  at  atmospheric  pressure  by  means  of 
the  levelhng  bottle,  which  is  shown  attached  to  the  base  of  the  burette. 

The  instrument  is  provided  with  three  absorber  containers.  The  bulbs  of  two 
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of  the  containers  are  packed  with  steel  wool,  the  Inilb  of  the  thiid  contiiiner  Uein^' 
packed  with  copper  wire,  while  the  bottle  beneath  the  bnlb  contains  some  scia]) 
copper.  The  container  nearest  to  the  burette  is  charged  with  tlie  al)sorber  for 
CO2  (a  solution  of  caustic  potash).  The  middle  container  is  for  the  o.vygen  absorber 
(a  solution  of  pyrogallic  acid  and  caustic  potash),  and  the  one  containing  the 
copper  is  for  the  carbon  monoxide  (CO)  absorber  (an  ammoniacal  solution  of  cuprous 
chloride). 

A  mixture  of  the  gases  is  analysed  by  the  volumetric  method,  that  is,  a  measured 
volume  of  the  mixture  is  taken,  and  one  of  the  gases  removed  by  absoi'])tion.  The 
volume  then  remaining  is  measured,  and  the  shrinkage  indicates  the  percentage 
of  gas  absorbed. 

The  residual  volume  is  then  again  exposed  to  another  absorber  which  removes 
another  gas.  On  remeasurement  the  volume  of  that  gas  is  known.  This  ])rocess 
is  repeated  imtil  all  of  the  gases  have  been  determined. 

Under  ordinary  conditions  it  is  not  necessary  to  make  the  oxygen  and  carbon 
monoxide  analyses,  because  as  a  general  rule  there  is  but  little  risk  of  any  appreci¬ 
able  quantity  of  CO  being  present  in  the  gases  when  the  percentage  of  CO  is  less 
than  from  14  to  15  per  cent. 

The  first  problem  is  to  find  the  furnace  conditions  which  will  produce  and 
maintain  15  per  cent,  of  COg,  and  to  actually  get  and  maintain  that  percentage,  or 
as  close  thereto  as  possible.  Wlien  this  has  been  done,  it  is  then  worth  while  to 
determine  whether  CO  is  present  in  the  gases. 

This  analyser  is  not  a  difficult  apparatus  to  operate,  and  if  carefully  used 
gives  very  accurate  results,  while  the  price  is  very  moderate.  It  is  sold  in  England 
by  Messrs  Dugids,  Ltd.,  of  Manchester. 

The  CO2  Thermoscope. — The  simplest  and  most  compact  hand  apparatus  for  CO2 
determination  is  the  thermoscope,  which  is  made  by  the  Underfeed  Stoker  Co.,  Ltd. 

This  instrument  is  based  upon  the  principle  that  when  CO,,  either  juire  or 
in  admixture  with  air,  is  brought  into  contact  mth  caustic  soda,  a  chemical  reaction 
takes  place,  and  heat  is  evolved,  the  amount  of  which  is  proportional  to  the  quantity 
of  CO2  present. 

If,  therefore,  a  measured  cjuantity  of  the  gas  mixture  to  be  analysed  is  brought 
into  contact  with  caustic  soda,  the  amount  of  which  being  somewhat  more  than 
sufficient  to  absorb  all  the  CO2  present,  it  is  only  necessary  to  measure  the  heat 
evolved  to  obtain  a  measure  of  the  CO2  in  the  mixture. 

The  thermoscope  consists  of  three  essential  parts,  viz.  : — • 

(1)  A  cyhnder  fitted  with  a  plunger  for  drawing  a  measured  quantity  of  the 
gases  from  the  flue  or  furnace,  and  subsecpiently  passing  it  through  ;  (2)  a  cartridge¬ 
shaped  receptacle  containing  pulverised  caustic  soda,  in  which  the  heat  reaction 
occurs  ;  (3)  a  thermometer  with  its  bulb  constructed  to  surround  or  jacket  the 
cartridge,  so  that  the  heat  of  reaction  can  be  imparted  to  the  mercury,  the  amount 
of  its  expansion,  i.e.  the  percentage  of  CO2  to  be  observed  on  a  movable  scale. 
For  occasional  use  this  is  a  very  convenient  portable  apparatus  which  might  with 
advantage  be  extensively  employed. 


330  UTILISATION  OF  LOW  GRADE  AND  WASTE  FUELS 


The  Cambridge  Electrical  CO^  Indicator  and  Fecorder. — ^With  tliis  instnimeat, 
the  percentage  of  COo  in  the  gases  is  determinned  by  an  e’ectrical  naethod  which 
does  not  involve  the  use  of  any  chemical  absorbent.  The  method  employed  for 
measuring  the  percentage  of  CO2  is  one  which  was  devised  by  Dr  G.  A.  Shakespear 
of  Birmingham  University,  for  testing  the  purity  of  gases. 

The  percentage  of  CO2  in  the  flue  gases  is  determined  by  a  method  depending 


Fig.  191. — The  Cambridge  Elbctbigal  CCT  Indicator. 

upon  the  variation  in  the  thermal  conductivity  of  the  gas,  caused  by  the  presence 
of  varying  amoimts  of  carbon  dioxide. 

The  instrument  contains  two  identical  spirals  of  platinum  wire,  enclosed  in 
two  separate  cells  in  a  metal  block,  each  of  the  spirals  being  connected  to  form 
one  arm  of  Wlieatstone  Bridge  circuit.  If  an  electric  current  is  allowed  to  flow 
in  this  circuit,  the  two  spirals  vdll  become  heated,  and  will  lose  heat  to  the  walls 
of  the  cells. 

If  the  two  cells  contain  gases  of  different  thermal  conductivity,  the  spirals  will 
cool  at  different  rates,  and  one  will  therefore  be  maintained  at  a  higher  temperature 
than  the  other.  The  difference  in  temperature  of  the  two  vdres  uhll  cause  a 
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deflection  of  the  galvanometer,  the  extent  of  the  deflection  depending  n])on  the 
difference  in  conductivity  of  the  two  gases. 

The  construction  of  the  instmment  is  such  that  changes  in  the  tem])erature 
of  the  flue  gases,  affect  both  sides  of  the  bridge  equally.  If,  therefore,  one  ot  the 
coils  contains  a  pure  gas,  and  the  other  the  same  gas  mixed  with  some  otlier 
constituent,  the  extent  of  the  deflection  will  he  an  indication  of  the  amount 
of  the  second  gas  present,  and  the  galvanometer  can  be  calibrated  to  show  directly 
the  percentage  composition  of  the  mixture.  Either  an  indicating  or  a  recording 
galvanometer  may  be  used. 

The  difference  in  conductivity  between  oxygen  and  carbon  dioxide  enal)les 
the  method  to  be  employed  to  determine  the  percentage  of  carbon  dioxide  in 
the  flue  gases.  These  gases  consist  chiefly 
of  nitrogen  and  carbon  dioxide,  mixed 
with  small  amounts  of  oxygen  and  water 
vapour,  with  perhaps  a  little  carbon 
monoxide.  Since  carbon  monoxide, 
oxygen ,  and  nitrogen  have  all  nearly  the 
same  conductivity,  the  small  variations 
of  the  former  two  gases  do  not  affect  the 
readings,  and  the  effect  of  water  vapour 
can  be  counteracted  by  keeping  the  gases 
in  both  cells  saturated.  The  difference 
in  conductivity  of  the  gases  in  the  two 
cells  will  then  depend  only  upon  the  per¬ 
centage  of  carbon  dioxide  in  the  gas. 

This  method  of  measurement  has  not 
yet  been  made  suitable  for  determining 
the  percentage  of  carbon  dioxide  in  gases 
such  as  coke  oven  gas,  where  the  per¬ 
centage  of  hydrocarbons  or  other  con¬ 
stituents  vitiates  the  proceedings. 

The  Cambridge  electrical  CO.2  apparatus  is  made  in  several  types,  comjmsmg 
single  or  multipoint  indicating  or  recording  outfits,  or  combined  single  point  or 
multipoint  indicating  and  recording  instruments. 

For  distance  recording  this  is  a  very  convenient  apparatus.  That  poition 
through  which  the  gases  pass  may  be  arranged  close  up  to  the  flue  or  l)oiler,  the 
indicator  may  be  fixed  in  the  boiler  house  for  the  guidance  of  the  fireman,  vhile  the 
recording  apparatus  may  be  fixed  in  the  office. 

Figs.  191  and  192  respectively  illustrate  the  Cambridge  electrical  CO^ 
indicator  and  recorder. 

The  Cambridge  PortaUe  CO.,  and  Temperature  /nd/co/or.— This  exceedingly 
compact  and  portable  combined  indicator,  illustrated  in  Fig.  193,  enilmdies  in  a  \er\ 
convenient  form  a  COg  indicator,  identical  in  principle  with  that  already  desciibed 
and  illustrated  in  Figs.  191  and  192.  The  couple  placed  in  the  flue  is  coimected 


Fig.  192. — The  Cambridge  Electricai.  C0._, 
Recorder. 
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to  the  terminals  marked  “  couple  ”  for  tem^^erature  measurements.  The  instrument 
is  fitted  with  a  multi-way  switch,  by  means  of  which  either  temperature  readings 
or  CO2  readings  can  be  taken  on  the  indicator. 

Simmance’s  Patent  S.AM.  CO2  Recorder. — Simmance’s  patent  CO2  recorder 
made  by  Messrs  Alexander  Wright  &  Co.,  Ltd.,  and  illustrated  in  Fig.  194,  consists 
briefly  of  the  following  parts  : — 

(1)  A  gas  extracting  chamber  working  in  conjunction  with  a  syphon  tank  which 


Fig.  193. — The  Cajieridgb  Portable  CO2  and  Temperature  Indicator. 

periodically  extracts  a  large  sample  of  gas,  from  which  a  smaller  definite  volume  is 
measured  off  and  delivered  to  a  caustic  potash  tank. 

(2)  A  potash  tank  fitted  with  inlets  and  outlets  and  a  filling  plug. 

(3)  A  small  gas  holder  with  a  rising  bell  and  a  scale  of  100  parts  for  remeasuring 
the  sample  after  the  absorption  of  the  CO2. 

(4)  A  rotating  clock  movement  for  carrying  the  chart  and  pen  mechanism  for 
recording  the  result  of  each  analysis. 

(5)  A  water  cistern  and  injector  for  drawing  the  gas  up  to  the  recorder,  and  a 
tell  tale  ”  gas  chamber  for  showing  the  condition  of  the  piping. 

An  analysis  is  completed  about  every  three  minutes,  the  ends  of  the  pen  marking 
on  the  chart  form  a  continuous  curve,  showing  variation  in  the  amount  of  COg. 
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The  Duplex  Mono  Automatic  Gas  Anah/ser. — This  is  a  comparatively  nenv 
apparatus  made  by  the  Svenska  Aktiebolaget  Mono  Com|)any  of  Stockliolm,  the 
special  feature  of  which  is  the  automatic  testing  and  recording  of  CO  and  otlier 
combustible  gases  in  addition  to  CO2. 

The  working  of  the  apparatus  is  dependent  upon  the  fact  that  the  i)roducts  of 
the  completed  combustion  of  the  carbon  monoxide,  and  of  the  other  combustible 


Fig.  194. — Simmance’s  Patent  S.A.W.  COo  Recoedee. 


gases,  often  contained  in  the  exit  gases  from  unsatisfactorily  operated  furnaces, 
are  carbon  monoxide  and  aqueous  vapour. 

If,  therefore,  the  CO2  be  first  determined  in  the  exit  gases,  and  subsequently 
after  a  sample  of  this  same  gas  has  been  passed  through  an  electrically  heated  tube, 
in  the  presence  of  a  catalytic  agent,  and  completely  consumed,  the  difference  between 
the  first  and  subsequent  determinations  of  CO2  will  indicate  the  percentage  of 
combustible  gas  originally  present  in  the  exit  gases.  The  aqueous  vapour  being 
condensed  is  removed  in  the  course  of  the  tests  as  water. 
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The  catalyst  used  in  the  duplex  mono  instrument  is  copper  oxide.  The  heating 
element  used  consists  of  an  electric  oven  arranged  on  top  of  the  measuring  and 
absorption  apparatus,  provided  wdth  a  quartz  heating  tube,  filled  with  copper  oxide. 
About  30  watts  are  necessary  in  order  to  give  the  temperature  required  in  this  tube. 

Mercury  is  used  in  the  gas  switch  which  controls  the  inlet  of  the  gas  to  the 
heater,  as  also  its  exit,  no  moving  parts  are  used  to  force  the  gas  through  the  apparatus, 
niercnry  being  used  for  this  purpose  also. 

The  W.It.  CO2  Indicator. — The  W.R.  CO2  indicator,  which  is  of  British  design 
and  make,  is  probably  at  the  present  time  more  extensively  used  than  any  other 
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Fig.  195. — The  W.R.  CO,  Indicatoe. 


CO2  apparatus  in  this  coimtry.  It  is  made  in  three  types — (1)  as  an  indicator, 
(2)  as  a  recorder,  and  (3)  as  a  combined  indicator  and  recorder. 

The  operation  of  the  indicator,  which  is  illustrated  in  Fig.  195,  may  be  briefly 
described  as  follows  : — 

A  small  aspirator  S  is  used  to  draw  a  sample  of  the  gases  continually,  which, 
following  the  course  indicated  by  the  arrows,  passes  through  the  filter  F,  after 
which  it  enters  a  chamber  containing  a  porous  pot  P,  which  is  charged  with  a  dry 
absorbing  medium  R  for  CO2. 

This  chamber  and  porous  pot  are  connected  by  means  of  two  vertical  pipes 
or  tubes  with  a  water  vessel.  The  difference  in  pressure  between  the  gas  in  the 
outer  chamber  and  that  in  the  porous  pot — due  to  the  absorption  of  COg — causes 
the  water  to  rise  in  the  pipe  G  connecting  the  porous  pot  with  the  water  vessel  B, 
which  acts  as  a  gas  flow  detector,  the  flow  of  gas  being  shown  by  continuous  bubbling 
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through  the  water  in  this  vessel.  A  graduated  scale  attached  to  tliis  |)i|)(^  iiidit 
the  percentage  of  COg. 

While  the  many  types  of  CO.^  apparatus  now  available  represent  a  great  adx  aiice 
upon  the  various  instruments  of  continental  origin  introduced  in  tliis  countrv  some 
twenty  years  since,  and  while  generally  speaking,  they  leave  hut  little  to  he  desired 
in  so  far  as  accuracy  is  concerned,  yet  it  is  essential  that  apparatus  of  this  kind 
shoidd  receive  reasonable  care  and  attention,  and  the  o[)erating  and  maintenance 
instructions  should  be  rigidly  observed. 

Draught  Gauges. — The  most  efficient  draught  for  every  boiler  is  that  which  will 
enable  the  demand  for  steam  to  be  met, 
while  at  the  same  time  showing  the 
highest  percentage  of  CO2  in  the  gases, 
with  an  absence  of  CO. 

Such  draught  conditions  can  only 
be  determined  and  maintained  by  the  use  of  a  draught 
gauge  in  conjunction  with  flue  gas  analysis,  and  pre¬ 
ferably  also  with  a  knowledge  of  the  temperature  of  the 
exit  gases  to  the  chimney.  In  connection  with  the 
majority  of  steam  boiler  installations  in  this  country, 
the  only  information  available  concerning  the  draught 
is  that  it  is  good,  bad  or  variable  as  the  case  may  be. 

As  to  whether  it  is  the  most  efficient  draught  for  the 
existing  requirements,  usually  nothing  is  known.  Bad 
draught  or  bad  coal  have  been  termed  “  the  fireman’s 
standing  alibi  ” — the  ever- ready  explanation  for  reduced 
pressure  or  shortage  of  steam — but  in  justice  to  this  oft 
maligned  individual,  it  must  be  admitted  that  those 
primarily  responsible  have  as  a  general  rule  failed  to 
interest  themselves  either  in  the  question  of  draught 
efficiency,  or  in  the  quality,  suitability  or  value  of  the 
coal  used. 

It  is  no  more  possible  to  determine  the  most  efficient 
draught  without  a  draught  gauge  than  it  is  to  determine 
the  steam  pressure  and  water  level  without  the  use  of 
the  necessary  gauges. 

The  U  tube. — The  simplest  form  of  draught  gauge  is  the  U  tube,  as  illustrated 
in  Fig.  196,  which  indicates  the  difference  in  pressure  between  the  point  to  which  it 
is  connected  and  the  atmosphere. 

The  difference  in  the  water  level  in  the  two  legs  of  the  tube  shows  the  draught 
on  the  scale,  indicated  in  inches  and  tenths  of  inches  of  water. 

For  all  ordinary  purposes  and  for  periodical  use  in  connection  with  small 
steam  plants,  this  inexpensive  and  simple  draiight  gauge  will  be  found  (piite 
suitable. 

Dial  Draught  Gauges. — For  use  at  the  front  of  boilers  or  at  other  convenient 


Fiu.  1!H). — The  U  Tube 
IJR.4UGHT  Gauge. 
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points  so  that  the  draught  indication  may  be  under  continuous  observation  ;  for  the 
guidance  of  the  attendant  the  dial  type  of  draught  gauge  is  very  convenient. 

Among  the  various  dial  draught  gauges  on  the  market  are  the  Bristol,  Sarco, 
Cambridge,  and  Simmance’s  Dead  Beat  Indicator,  some  of  which  are  also  equipped 
with  continuous  recording  mechanism.  Gauges  of  the  dial  type  are  also  made  to 
indicate  the  difference  in  pressure  between  two  points,  for  instance,  above  and  below 
the  grate  of  a  furnace,  or  at  the  combustion  chamber,  the  boiler  damper,  or  at  the 
inlet  and  outlet  of  the  economiser  flues.  As  these  gauges  are  usually  provided  with 


Fig.  197. — The  Cambridge  Dial  Draught  Gauge. 

a  large  dial  and  a  long  scale,  small  variations  in  draught  may  be  readily  observed 
at  a  distance. 

The  Cambridge  Dial  Draught  Gauge. — This  gauge,  which  is  illustrated  in 
Fig.  197,  is  of  the  flexible  diaphragm  type.  For  single  point  reading  instruments 
the  front  of  the  diaphragm  is  open  to  atmospheric  pressure.  The  diaphragm  is 
controlled  by  a  spring,  and  comiected  by  a  rack  and  pinion  movement  to  a  pointer 
which  moves  over  the  dial.  All  movements  of  the  diaphragm  due  to  pressure 
variations  give  rise  to  corresponding  movements  of  the  pointer. 

The  Cambridge  Draught  Recorder. — Another  type  of  Cambridge  draught  gauge 
is  illustrated  in  Fig.  198  ;  this  is  a  recording  instrument  giving  the  measurement  of 
draught  or  pressure  up  to  the  maximum  range  across  the  chart  of  8  in.  of  water. 
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This  gauge  operates  on  the  hydrostatic  principle,  the  pen  arm  l)eing  carried  on 
a  German  silver  float,  partially  submerged  in  water,  contained  in  an  outer  vessel, 
the  water  being  covered  with  a  layer  of  oil  to  prevent 
evaporation. 

A  tube  connected  to  the  point  at  which  it  is 
desired  to  obtain  the  measurement  enters  the  lower 
part  of  the  instrument,  and  projects  into  the  space 
below  the  float.  Variations  in  the  pressure  will  there¬ 
fore  cause  a  rise  or  fall,  and  the  pen  traces  out  a 
record  of  the  pressure  variations  on  the  chart  covering 
the  revolving  drum.  The  chart  drum  makes  one 
revolution  every  twenty-four  hours. 

A  removable  dust  jwoof  glass  cover  with  brass 


Fig.  198. — The  Cambridge  Draught 
Recorder. 


toj)  protects  the  chart  drum, 
driving  clock  and  2)en. 

Simmance's  Dead  Beat 
Indicator. — This  well-known 

draught  gauge,  which  is  illus¬ 
trated  in  Fig.  199,  is  of  the  diaphragm  type.  It  is  jirovided  with  a  large  legible 
dial,  which  may,  if  desired,  be  illuminated.  The  gauge  is  jjrovided  with  a  two-way 
cock,  the  turning  of  which  vents  the  gauge  and  brings  the  j^ointer  to  zero. 


Fig.  199. — The  Simmance  Dead  Be.at  Indicator 
Draught  Gauge. 
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The  Usco  Draught  Indicator. — The  Usco  draught  indicator  is  a  novel  type  ol 
draught  gauge,  providing  for  the  simultaneous  reading  of  draught  pressures  at 
three  points. 

This  instrument  is  designed  on  the  hydrostatic  principle  and  gives  continuous 
reading  without  mechanism.  The  essential  element  in  this  apparatus,  the  measuring 
gauge,  consists  of  an  open-ended  glass  tube  supported  from  a  rubber  cork,  fitted  on 


Fig.  200. — The  “  Usco  ”  Deaught  Indicator. 


an  extension  of  a  two-way  cock  on  the  top  of  the  case.  Outside  of  this  tube  is 
another  tube  closed  at  the  lower  end. 

In  the  interior  of  the  open-ended  tube  is  a  float,  in  which  is  a  scale,  marked  in 
inches  and  tenths,  this  float  being  so  adjusted  that  the  level  of  the  water  is  at  the 
zero  marked  on  the  scale,  which  is  extended  above  and  below  this  point. 

Thus  the  difference  of  levels  in  the  water,  whether  due  to  pressure  or  a  partial 
vacuum,  can  be  read  directly  by  the  position  of  the  surface  of  the  annulus  against 
the  scale  without  calculations  or  adjustment. 
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The  three  gauges  are  substantially  mounted  in  a  strong  dust  procd  case,  wliicli, 
to  facilitate  reading,  may,  when  necessary,  be  internally  illmninatecl. 

The  Usco  draught  indicator  is  illustrated  in  Fig.  200. 

Differential  Draught  Gauges. — The  differential  draught  gauge  just  described  is 
of  the  vertical  type,  other  differential  draught  gauges  of  the  inclined  ty])e— a  type 
which  is  now  extensively  used  in  the  United  States— are  illustrated  in  Figs.  201 
and  202. 

Haifs  Differential  Draught  Gauges. — A  good  example  of  the  differential  type  is 
Hay’s  draught  gauge,  see  Fig.  201.  This  gauge  is  arranged  for  indications  at  two 
points,  while  in  Fig.  202  is  shown  the  most  recent  development  in  this  type  of  draught 
gauge,  providing  for  separate  connections  to  six  points  individually  controlled,  with 
readings  all  on  the  one  instrument. 

AVith  these  gauges  a  light  mineral  oil  is  used  instead  of  water  for  indication. 


Fig.  201. — Hay's  Differential  Draught  Gauge. 

the  oil  being  coloured  a  brilliant  red.  For  bringing  the  oil  quickly  and  accurately 
to  the  zero  mark  on  the  indicating  scale,  the  use  of  a  special  levelling  micrometer 
attachment,  designed  by  the  makers  of  the  gauge,  is  recommended. 

These  gauges  are  of  very  robust  construction,  easily  readable  and  in  every 
respect  suitable  for  boiler  house  conditions. 

Hay's  Vernier  Draught  Gauge. — For  very  close  and  accurate  readings  the 
Vernier  draught  gauge  constructed  on  the  U-tube  principle  is  exceedingly  useful. 
It  may  be  held  in  the  hand  while  readings  are  being  taken,  the  slidable  Vernier 
scales  reading  to  one-hundredth  of  an  inch  water  gauge. 

Temperature  Indicating  and  Recording  Instruments. — Incredible  as  it  may  a])pear, 
in  the  average  boiler  house  nothing  is  known  as  to  the  existing  temperature  at  any 
point  in  the  flues.  The  chimney  loss,  serious  as  it  so  often  is,  appears  to  be  accepted 
as  a  necessary  evil,  the  extent  of  which  is  not  generally  appreciated. 
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Fig.  202  (part  of). — Hay’s  Multi-point  Draught  Gauge. 


1 

Fig.  202  (part  of). — Hay’s  Multi-point  Draught  Gauge. 
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If  the  installations  of  economisers  or  superheaters  is  contemplated,  usually  no 
information  as  to  the  available  temperature  is  obtainable,  and  the  brin  or  linns 
tendering  must  either  assume  a  temperature,  or  alternatively  ascertain  the  available 
temperature  for  themselves.  Having  in  mind  that  the  loss  of  sensible  heat  carried 
away  by  the  chimney  gases  is  the  heaviest  of  all  losses  in  steam  generation,  and  is 
usually  the  loss  which  offers  the  best  chance  for  reduction,  it  is  to  be  regretted  that 
its  extent  in  the  average  case,  and  what  it  involves  in  avoidable  waste  of  fuel,  is  not 
even  dimly  realised. 

Unless  means  are  provided  for  the  determination  of  the  extent  of  this  loss, 
little  is  likely  to  be  done  towards  remed}dng  it.  For  this  reason,  and  becaiise  an 


Fio.  203. — The  Cambridge  Thermo  Electric  Indicator. 

accurate  knowledge  of  existing  temperatures  is  necessary  in  any  effective  steps 
to  eliminate  fuel  waste,  and  to  ensure  efficient  working  conditions,  that  the 
provision  of  one  or  more  pyrometers  is  an  essential  part  of  the  boiler  house 
equipment. 

Pyrometers. — The  pyrometers  which  are  now  most  extensively  used  in  modem 
boiler  house  practice  are  electrical,  and  either  of  the  thermo-electric  or  resistance 
types. 

Pyrometers  of  the  thermo-electric  type  can  be  used  to  measure  temper atuies 
up  to  1400°  C.,  and  are  very  convenient  and  accurate  for  the  determination  of 
gas  temperatures.  These  pyrometers  depend  for  their  operatiorr  upon  the  fact 
that  if  wires  of  two  dissimilar  nretals  are  joined  at  their  ends  to  form  an  electric 
circuit,  and  one  jrrnction  is  heated,  an  electromotive  force  is  set  up,  giving  lise  to 
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a  current  in  the  circuit  which  can  he  measured  on  a  suitable  galvanometer.  Since 
the  magnitude  of  the  electromotive  force  depends  upon  the  difference  between 
the  temperature  of  the  hot  and  cold  jimctions,  the  galvanometer,  which  may  be 
either  of  the  indicating  or  recording  pattern,  can  be  calibrated  to  give  readings 
directly  in  degrees  of  temperature. 

The  t}^e  of  thermo  couple  used  will  depend  upon  the  temperatures  to  be 
measured,  and  the  conditions  under  which  the  couple  will  have  to  be  employed. 
Eare  metal  couples  made  of  platinum  and  an  alloy  of  platinum  and  rhodium  have 
the  longest  life,  particularly  at  higher  temperatrrres,  and  are  the  only  tj^e  srritable 
for  temperatures  above  1100°  C.  which  amply  cover  all  possible  boiler  house 
requirements.  Base  metal  corrples,  which  are  mrrch  less  expensive,  are  qrrite 
satisfactory  for  temperatrrres  below  1100°  C. 


Fig.  204. — The  Cahbeidge  Index  Thekjiometer.  Mercurial  Type. 


The  protection  provided  for  the  thermo  couple  wires  depends  upon  the  tempera¬ 
ture  to  be  measured  and  other  conditions  of  use.  For  temperatures  above  800°  C. 
a  porcelain  tube  is  used,  protected  by  a  steel  sheath  left  open  at  the  lower  end, 
to  ensure  rapid  responses  to  changes  in  temperature.  For  temperatures  below 
800°  C.  a  steel  sheath  is  used  with  a  closed  end,  if  the  temperatures  do  not 
exceed  600°  C.,  or  for  temperatures  between  600°  and  800°  C.,  two  steel  sheaths 
are  fitted. 

Cambridge  Thermo-electric  Indicator. — In  Fig.  203  is  illustrated  the  type  of 
thermo-electric  indicator  which  is  now  extensively  used  in  boiler  houses.  The 
electrical  resistance  type  of  instrument  wliich  is  more  usually  known  as  a  distance 
thermometer,  depends  for  its  operation  upon  the  fact  that  the  electrical  resistance 
of  the  platinum  wire  changes  vdth  the  temperature,  according  to  a  well-known  law. 
The  resistance  of  the  thermometer  coil  is  tested  by  a  modification  of  the  AVheatstone 
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Bridge  method,  the  thermometer  being  inchided  in  one  arm  of  tlie  l)ridge,  the  otlier 
coils  of  the  bridge  are  arranged  inside  the  case  of  the  indicator. 

Any  alteration  or  resistance  in  the  thermometer  due  to  change  of  temperature 
mil  cause  a  change  in  the  galvanometer  deflection,  and  tlie  instrument  can  be 
cahbrated  directly  in  degrees  of  temperature.  These  instruments  liav<‘  a  range  of 
from  330°  to  1000°  F.,  and  are  made  both  for  indication  and  recoiding. 

The  thermometers  consist  of  coils  of  platinum  wire  wound  s])irallv  on  porcelain 
spools,  and  protected  according  to  the  conditions  under  wliicli  they  will  be  used. 
Although  mounted  in  various  ways  to  suit  different  recpiirements,  the  thermometers 


Fig.  205. — The  Cambkidge  Recording  Thermometer,  ^Iercuriai.  Tyre. 

are  all  interchangeable,  they  are  strongly  made,  and  are  not  subject  to  breakage. 
The  so-called  platinum  bulbs  are  usually  50  mm.  long  and  11  mm.  in  diameter. 
It  is  important  that  the  whole  of  the  bidb  be  subjected  to  the  temperature  it  is 
desired  to  measure. 

Cambridge  Index  and  Recording  Thermometers ,  Mercurial  Type. — Thermometers 
of  these  types  illustrated  in  Figs.  204  and  205  are  capable  of  working  continuously 
at  temperatures  ranging  from  40°  to  1000°  F.  The  principle  of  operation  is  as 
follows  ; — The  steel  bulb  of  the  instrument  which  may  be  plain,  as  in  Fig  205,  or 
with  screwed  fitting,  as  in  Fig.  204,  is  connected  by  means  of  steel  capillary  tubing 
to  a  special  form  of  Bourdon  steel  spiral.  The  whole  system  is  filled  with  mercury, 
and  changes  of  temperature  of  the  bulb  give  rise  to  corresponding  changes  of 
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pressure  in  the  system,  and  consequently  to  small  movements  of  the  Bourdon  spiral, 
which  are  magnified  and  recorded  or  indicated  by  the  usual  pen  or  pointer  mechanism. 
The  flexible  steel  capillary  tubing  may  be  of  any  length  up  to  50  ft.  ;  where  only  a 
short  length  of  capillary  tubing  is  required,  this  may  be  enclosed  in  a  rigid  stem 
if  desired. 

An  electric  alarm  attachment,  by  which  a  bell  is  rung  if  the  temperature  exceeds 


Fig.  206. — The  Fkry  Radiator  Pyrojieter. 


or  falls  below  a  certain  predetermined  point,  may  be  fitted  to  these  thermometers. 

The  Fery  Radiation  Pyrometer. — For  the  measurement  of  very  high  temperatures, 
as  for  instance  furnace  temperatures,  the  best  apparatus  is  the  Fery  radiation 
pyrometer,  which  is  illustrated  in  Fig.  206. 

With  this  apparatus  a  telescope  is  focussed  on  the  hot  body,  the  heat  rays 
being  received  on  a  concave  mirror  and  brought  to  a  focus  on  a  small  thermo 
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Kkni's  S'I'Kam  Flow  Indu  ahik. 
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couple.  The  electromotive  force  produced  by  the  consequent  heating  at  one 
junction  of  the  thermo  couple  is  measured  on  an  indicating  or  recording  galvano¬ 
meter,  cahbrated  to  give  direct  readings  in  temperature. 

For  ordinary  boiler  house  operation,  it  is  unnecessary  to  measure  the  furnace 
temperature,  and  useful  as  this  instrument  is,  in  boiler  house  practice  it  can  have 
but  a  very  hniited  scope. 

Steam  Meters. — Meters  for  the  continuous  indication  of  the  flow  of  steam 


Fig.  208. — Kent’s  Xon-peessuee  Corrected  Type  of  Steam 
Flow  Recorder. 

through  steam  mains  or  branches  are  now  being  widely  used  in  electric  power 
stations,  and  also  by  other  large  steam  users. 

"Wlien  a  steam  flow  meter  is  used  in  connection  with  each  boiler,  a  convenient 
means  is  provided  for  determining  and  regulating  the  output  of  individual  boilers. 
Steam  meters  are  made  in  three  types ;  (1)  The  rate  of  flow  indicator,  for 
showing  the  amount  of  steam  passing  at  any  time ;  (2)  the  recording  type, 
giving  a  diagrammatic  chart'  of  the  flow  of  steam  continuously,  also  showing 
variations  in  the  flow  ;  and  (3)  the  counter  type,  gi’ving,  in  addition  to  the  rate 
of  flow  at  any  time,  the  total  quantity  of  steam  passed,  by  means  of  a  counter 
device.  If  desired  the  functions  of  all  three  types  may  be  combined  in  a  single 
meter. 
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Kent's  Steam  Meter. — Kent’s  steam  meter,  which  is  made  in  all  three  typr- 
as  mentioned  above,  or  of  the  combined  type,  is  on  the  differential  jiiessure  jninciplf. 
A  carefully  calibrated  orifice  is  placed  in  the  pipe  line,  pressure  tubes  on  either  side 
communicating  with  the  indicating  or  recording  instrument. 

The  fimction  of  the  orifice  is  to  establish  a  difference  in  pressure  on  ()))j)osite 
sides  of  the  plate,  the  size  of  the  orifice  openmgs  depending  upon  the  maximuni 
velocity  of  the  steam  in  the  pipe,  which  has  to  be  measured.  The  late  of  How 
indicator  depends  for  its  action  upon  the  movement  of  a  lubber  dia))hiagm  A.  iindci- 


Fig.  20!). — Kent’s  Pressuee  Corrected  Type  of  Steam  Flow 
Recorder  with  Integrator. 

the  influence  of  variations  in  the  difference  of  pressure  on  its  opposite  faces.  The 
faces  on  opposite  sides  of  the  diaphragm  A  are  in  communication  by  means  of  the 
passages  BB  with  the  sides  of  the  orifice  plate  in  the  steam  pipe.  A  set  of  three 
coiled  springs  controls  the  movement  of  the  diaphragm,  which  is  communicated 
to  the  spindle  D  through  rods,  and  a  bell  crank  C.  This  spindle  carries  a  powerful 
magnet  E.  Outside  the  case  and  in  fine  with  D,  there  is  another  spindle  0,  carried 
in  jewelled  bearings,  to  which  is  attached  an  iron  armature  H  and  the  pointer  .1. 
In  this  way  the  movement  of  the  diaphragm  is  transmitted  to  the  pointer,  without 
it  being  necessary  to  make  a  watertight  rotating  joint,  an  exact  register  of  the  most 
minute  movements  being  obtained.  The  graduations  of  the  dial  over  which  the 
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pointer  works  can  be  made  to  show  the  quantity  of  steam  passing  at  any  predeter¬ 
mined  pressure  and  temperature. 

The  instrument  described,  which  is  shown  in  Fig.  207,  is  the  simple  rate  of  flow 
indicator,  not  corrected  for  variations  in  steam  pressure,  and  steam  temperature 


Fig.  210. — Kent's  Steam  Flow  Recordee,  mounted 
ON  A  Six-way  S^\^TCHBOABD. 


(when  indicating  superheated  steam).  The  recording  instrument  and  also  the 
counter  type  of  instrument  are  both  made  with  or  ivithout  automatic  pressure 
correction  gear. 

In  Figs.  208  and  209  respectively  are  shown  Kent’s  non-pressure  corrected 
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type  of  steam  flow  recorder,  and  the  pressure  corrected  ty])e  of  recoidfr  with 
integrator. 

With  a  view  to  encouraging  the  more  extended  use  of  steam  flow  indicators 
in  connection  with  individual  boilers  a  new  steam  flow  indicator  of  a  cheaper  tvp<i 
has  recently  been  introduced  by  Messrs  Kent.  Tliis  instrument  is  similar  in  ])rin- 
ciple  to  that  already  described,  its  action  depending  upon  the  differential  i)res.sure 
set  up  by  a  cahbrated  orifice  plate  in  the  .steam  main,  which  acts  upon  a  sjjiino 
controlled  diaphragm  within  the  body  of  the  meter,  the  motion  of  the  diaphragm 
being  communicated  through  a  gland  to  the  pointer.  If  desired  this  indicator  may 


Fig.  211. — Weight's  Combined  Indicating  and  Recording  Steam  Pressure 

Gauge. 


be  used  with  a  switchboard,  and  connected  to  a  number  of  boilers  as  shown  with 
the  steam  flow  recorder  illustrated  in  Fig.  210. 

Steam  Pressure  Recorders. — For  the  continuous  recording  of  the  steam  pressure, 
either  in  connection  with  individual  boilers  or  a  range  of  boilers,  the  steam  pressure 
recorder  afiords  a  continuous  check  upon  operation,  and  as  such  is  exceedingly 
useful.  Fig.  211  illustrates  a  combined  indicating  and  recording  .steam  pressure 
gauge  made  by  Messrs  Alexander  Wright  &  Co.,  Ltd. 

The  Cambridge  Steam  Pressure  Recorder.-  The  Cambridge  steam  pressure  recorder 
is  illustrated  in  Fig.  212,  the  construction  being  as  follows  : — 

A  Bourdon  spiral  is  connected  to  a  union  by  means  of  which  it  can  be  attached 
to  a  copper  tube  taken  from  the  position  at  which  the  temperature  is  to  be  measured. 
The  movements  of  the  Bourdon  spiral  are  communicated  to  a  pen  arm,  which  moves 
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over  a  circular  sheet  graduated  to  show  pressures  or  vacua,  and  rotated  by  a  clock 
mechanism. 

These  recorders  are  made  for  any  range  of  pressures  up  to  1000  lbs.  per  square 


Fig.  212. — The  Cambridge  Steam  Pressure 
Recorder. 


inch,  and  are  mounted  in  dust-tight  metal  cases,  with  nickel  plated  fronts,  and 
provided  with  a  lock  and  key. 


CHAPTER  XIV 


BOILER  HOUSE  CONTROL  AND  THE  TRAIN  INC  OF 

BOILER  FIREMEN 

Having  in  mind  the  importance  of  the  human  factor  in  the  firinji'  of  steam  boilers, 
it  is  a  matter  for  regret  that  greater  facilities  have  not  been  provided  for  tlie 
education  and  training  of  firemen.  Efficient  operation  of  plant  is  necessarily  based 
more  upon  the  human  element  than  any  other  factor.  The  most  complete  and 
satisfactory  plant,  installed  regardless  of  expense,  will  only  show  a  working  efficiency 
directly  proportionate  to  the  efficiency  of  its  operation. 

To  a  large  extent  unfortunately  the  firemen  has  been  left  severely  alone,  his 
method  or  lack  of  method  has  received  but  scant  attention.  Too  often  all  that  is 
looked  for  is  a  sufficient  supply  of  steam  at  the  desired  pressure,  apart  from  any 
other  consideration. 

Not  only  have  the  training  facihties  provided  for  firemen  been  altogether 
inadequate,  but  there  has  been  and  still  is  a  disposition  to  regard  boiler  firing  as 
imsldlled  work,  and  the  boiler  house  as  a  part  of  the  establishment  where  money 
can  be  saved  by  employing  unskilled  or  casual  labour. 

Without  training  facihties,  without  any  general  recognition  that  efficient  firing 
demands  experience  and  skill,  mthout  much  suitable  or  helpful  literature.^  to 
a  large  extent  the  man  who  has  taken  up  boiler  firing  as  an  occupation  has  had 
to  laboriously  work  out  his  own  salvation,  u.sually  at  a  very  heavy  cost  to  his 
employers. 

The  steam  user,  for  the  most  part  unfortunately  unconcerned  with  questions 
of  fuel  economy,  and  mainly  desirous  of  having  an  ample  supply  of  steam,  has  to 
a  very  serious  extent  failed  to  discriminate  between  the  man  who  is  merely  able 
to  shovel  coal  and  a  fireman. 

The  well-known  fact  that  the  thermal  efficiency  of  hand  fired  boilers  is  usually 
very  low,  is  mainly  due  to  the  very  extensive  employment  of  unskilled  labour,  and 
also  the  general  lack  of  organised  and  effective  control. 

Not  only  are  firemen  responsible  for  a  grievous  waste  and  inefficiency  inasmuch 
as  they  are  directly  concerned  with  the  handling  of  the  fuel,  and  the  operation  ot 
furnaces,  but  those  who  fail  to  supervise,  control,  or  even  to  intelhgently  interest 
themselves  in  boiler  house  operation,  are  primarily  to  blame  for  the  existing 
conditions. 

The  vital  importance  of  effective  supervision  and  control  was  very  clearly 

^  An  excellent  handbook  for  firemen  wa.s  published  in  1920,  see  "  'the  Fireman  s  Handl)o()k  and 
Guide  to  Fuel  Economy,”  by  Charles  F.  Wade,  A.M.I.Mecb.E.,  A.JI.I.E.E. 


351 


352  UTILISATION  OF  LOW  GRADE  AND  WASTE  FUELS 


recognised  by  H.M.  Fuel  Research  Board,  who  in  their  report  for  the  years  1918 
and  1919,^  made  the  follorwng  observations  : — 

“  Aiy  such  programme  should  deal  first  vuth  the  prevention  of  mere  reckless 
waste,  which  invariably  tends  to  develop  in  all  works,  unless  there  is  continuous 
skilled  control.  Even  in  works  which  are  in  other  respects  well  managed,  actual 
waste  of  coal  at  furnaces,  and  steam  at  every  point  in  a  distributing  system,  always 
grows  rapidly  but  unnoticed,  unless  it  is  the  duty  of  some  one  overseer  to  watch 
the  consumption,  and  to  keep  daily  records  of  coal  received  and  heating  work  done. 
...  It  cannot  be  too  strongly  urged  that  the  estabhshment  in  every  large  works 
of  an  organised  fuel  control,  is  the  only  sound  foundation  on  which  to  build  more 
revolutionary  or  further  reaching  methods  of  fuel  economy.” 

In  some  of  the  larger  works  in  this  country,  and  to  a  far  greater  extent  in  the 
United  States,  boiler  house  or  combustion  engineers  have  been  appointed,  whose 
responsibihty  is  limited  to  the  selection  or  purchase  of  all  coal,  as  also  the  super- 
\’ision  and  control  of  the  whole  of  the  pUnt  and  labour  in  any  way  concerned  with 
its  handling  and  utihsation. 

This  would  appear  to  be  the  only  practical  method  by  which  the  existing 
conditions  can  be  substantially  improved,  and  it  is  not  too  much  to  say  that  in  the 
case  of  every  works  or  factory  using  not  less  than  100  tons  of  coal  per  week,  the 
introduction  of  such  a  system  of  control  would  effect  a  very  considerable  saving. 

It  is  assumed  that  in  connection  vuth  any  such  appointment  the  boiler  house 
engineer  would  be  given  complete  control,  that  he  would  be  permitted  to  at  any 
rate  select  the  fuel  to  be  used,  as  also  the  apparatus  for  its  utihsation,  and  that  he 
would  engage  and  have  authority  to  dismiss  the  boiler  house  staff.  He  would  keep 
close  and  continuous  records  of  operation,  and  would  be  recpiired  while  meeting  all 
demands  for  steam,  to  justify  his  appointment  by  economies  effected,  and  maintained, 
in  boiler  house  operation,  which  would  cover  not  only  the  actual  cost  of  the  coal 
used,  but  every  contingent  cost  in  its  handhng  and  utilisation.  The  boiler  house 
would  to  all  intents  and  purposes  be  treated  as  a  separate  undertaking — a  factory 
producing  steam. 

It  is  becoming  increasingly  evident  that  the  old  system  of  making  one  engineer 
responsible  for  the  production  and  use  of  steam,  as  also  for  every  trivial  detail  in 
plant  maintenance,  is  under  existing  conditions  an  impossible  system. 

Under  any  satisfactory  system  of  boiler  house  control  on  the  fines  indicated, 
in  1he  careful  selection  of  the  boiler  house  staff  cheap  labour  as  such  would  have  no 
part.  Grpater  intelligence,  experience,  and  interest,  would  be  required  and  paid 
for.  A  better  class  of  men  would  be  attracted  to  work  which  would  be  regarded  as 
demanding  not  only  muscle  but  brains.  The  status  of  the  fireman  would  be  greatly 
improved,  to  the  advantage  of  both  employer  and  employee. 

To  the  steam  user  such  a  system  offers  an  improved  thermal  efficiency,  a  con¬ 
siderable  economy,  not  only  in  the  cost  of  fuel  but  in  plant  maintenance,  an  increased 
efficiency  in  labour,  and  greater  reliability  in  operation.  These  are  all  points  which 
emphasise  the  importance  of  divided  control,  to  the  extent  of  making  one  engineer 
^  See  Reprint  of  H.M.  Fuel  Research  Board,  1918-1919,  page  4. 
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responsible  for  the  efficient  generation  of  steam,  and  anotlier  engineer  responsihlc 
for  its  effieient  use. 

No  one  has  a  greater  admiration  for  the  works’  engineer  tlian  tlie  autlior,  and 
while  in  this  coimtry  we  doubtless  have  some  of  the  best  (pialified  works’  engineers 
in  the  world,  their  training  has  been  such  that  they  have  not  had  o})])ort unities  of 
concentrating  or  speciahsing  in  fuel  and  combustion  problems,  wliile  tlie  multifarious 
nature  of  their  duties  too  often  prevents  them  from  devoting  close  attention  to  the 
boiler  house,  where,  if  there  is  to  be  any  organised  and  effective  economy,  it  mast  begin. 

Many  works’  engineers  are  unable  to  obtain  the  plant  they  want,  and  tliey  are 
also  compelled  to  accept  and  utihse  labour  of  a  grade  which  they  do  not  want, 
because  it  is  supposed  to  be  cheap. 

That  the  system  of  undivided  control  has  been  and  is  misatisfactory  is  shown 
by  the  low  thermal  efficiency  of  steam  generating  plant,  the  wastehd  use  of  steam, 
the  appalhng  avoidable  waste  of  industrial  coal,  the  inefficiency  of  labour,  and  the 
liigh  cost  of  maintenance. 

Mamrfacturers  of  boiler  house  plant,  such  as,  for  instance,  mechanical  stokers, 
furnaces,  and  coal  and  ash  handhng  plant,  are  usually  required  to  give  stringent 
guarantees  as  to  performance.  To  a  serious  extent  such  plant  is  operated  by 
unskilled  labour,  too  often  wdth  little  or  no  effective  supervision  or  control,  with 
the  result  that  well  designed  and  expensive  plant  is  not  operated  to  advantage, 
average  working  results  are  disappointing,  the  plant  is  unreliable,  and  the  cost  of 
maintenance  excessive. 

For  these  conditions  it  is  not  usually  recognised  that  unskilled  labour  and  lack 
of  control  are  primarily  responsible  ;  instead  the  manufacturer  of  the  plant  is  blamed, 
and  the  plant  is  condemned  as  useless.  In  the  stress  of  competition  manufacturers 
of  boiler  house  plant  have  given,  and  still  continue  to  give,  guarantees  as  to  per¬ 
formance  without  due  regard  for  the  conditions  luider  which  the  plant  has  to 
operate.  There  has  been  an  unfortunate  disposition  upon  their  part  to  ignore  or 
belittle  the  importance  of  skilled  labour  in  the  boiler  house,  and  to  no  small  degree 
have  they  by  their  attitude  contributed  to  the  present  position. 

The  high  cost  of  maintenance  of  mechanical  stokers  with  internally  fired  boilers 
is  primarily  due  to  neglect,  and  not  to  inherent  defects  or  weakness  in  design  or 
construction.  Similarly,  the  unsatisfactory  results  so  frequently  obtained  are 
mainly  due  to  improper  operation  and  lack  of  adjustment,  mthout  adequate  super¬ 
vision.  The  only  concern  is  to  maintain  the  required  steam  pressure,  which  is  often 
accomphshed  with  much  unnecessary  and  misdirected  energy,  and  with  little  or  no 
regard  for  cost. 

In  a  carefully  supervised  boiler  house  mth  proper  operation,  and  regular  and 
systematic  inspection  and  maintenance  of  all  plant,  it  is  no  exaggeration  to  state 
that  in  many  cases  the  cost  of  maintenance  could  be  reduced  to  the  extent  of  5b 
per  cent.,  to  say  nothing  of  the  great  advantage  of  ensuring  the  iitmo.st  reliability 
and  continuity  in  operation. 

Under  existing  conditions  not  only  is  the  position  of  the  works’  engineer 
frequently  exceedingly  unsatisfactory,  bi;t  the  apathy  of  the  proprietor,  or  directors, 
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and  their  attitude  towards  the  use  of  unskilled  labour  is  to  a  serious  extent  responsible 
for  their  constant  complaint  concerning  the  cost  of  fuel  and  maintenance. 

So  long  as  men  are  employed  who  are  merely  able  to  throw  coal  through  a 
fire  door  opening,  or  into  mechanical  stoker  hoppers,  men  udth  no  experience  or 
conception  of  what  is  involved  or  required  in  the  efficient  and  economic  use  of  fuel, 
it  is  hopeless  to  look  for  any  material  improvement. 

The  author  is  not  entirely  opposed  to  the  use  of  unskilled  labour  for  firing  ;  on 
the  contrary  it  is  reahsed  that  the  untrained  and  unskilled  man,  vuth  no  bad  habits 
or  preconceived  ideas,  in  short,  with  nothing  to  unlearn,  can  often  be  so  trained  as  to 
become  an  expert  fireman.  Wdiat  is  so  generally  lacking  is  the  necessary  training, 
advice,  and  supervision.  The  boiler  house,  sometimes  termed  the  “  stoke  hole,” 
is  treated  as  a  place  to  be  avoided,  or  but  rarely  ^'isited,  the  centre  of  dirt  and 
discomfort. 

In  the  Final  Eeport  of  the  Committee  on  Smoke  and  Noxious  Vapours  Abate¬ 
ment,  1921,^  attention  is  thus  directed  to  the  necessity  for  the  training  of  firemen 

“It  is  generally  admitted  that  unskilful  and  negligent  stoking  is  responsible 
for  a  considerable  amoimt  of  unnecessary  smoke  wliich  is  emitted. 

In  some  cases  municipahties,  smoke  abatement  societies,  and  private  firms 
have  instituted  technical  classes  for  the  instruction  of  stokers,  but  generally  speaking 
too  httle  attention  has  been  paid  to  the  matter. 

We  have  been  informed  by  stokers  themselves  that  they  would  welcome 
instruction  that  woxdd  enable  them  to  acquire  increased  knowledge  and  abihty  to 
perform  their  duties  more  efficiently.  We  have  heard  of  classes  which  have  met 
vdth  great  success,  and  we  think  it  would  well  repay  manufacturers  and  local 
authorities  to  give  more  attention  to  the  training  of  stokers.  The  manufacturer 
would  be  benefited  by  the  economy  in  fuel  which  would  result  from  better  stoking, 
and  the  community  would  be  benefited  by  a  reduction  in  the  amount  of  smoke 
emitted.  Stoking  should  be  regarded  as  a  trade,  skilled  and  paid  as  such.” 

Having  in  mind  that  industrial  works  contribute  heavily  to  local  and  education 
rates,  it  would  appear  to  be  a  sound  policy  for  technical  education  authorities  in 
impoidant  industrial  areas  to  actively  take  in  hand  the  provision  of  technical 
instruction  in  firing  and  the  use  of  fuel.  Many  subjects  are  now  taught  in  technical 
institutes  for  the  benefit  of  a  favoured  few  at  very  considerable  cost,  the  necessity 
for,  and  importance  of  wliich,  cannot  in  any  sense  be  compared  vdth  the  national 
importance  of  efficiently  using  coal. 

It  has  been  argued  that  the  training  of  firemen  is  not  the  legitimate  concern  of 
local  technical  education  authorities,  and  that  it  shoidd  be  left  to  the  manufacturer. 
It  is  just  as  reasonable  to  argue  that  all  technical  instruction  should  be  the  respon¬ 
sibility  of  the  various  industries  concerned.  The  purpose  of  a  technical  institute 
is  to  provide  the  best  technical  instiuction  possible,  always  having  in  mind  the 
nature  of  local  industries  and  local  industrial  needs.  In  all  important  industrial 
centres  a  real  want  would  be  met  in  the  provision  of  the  best  possible  technical 
instruction  in  boiler  firing,  and  there  is  but  httle  doubt  that  manufacturers  would 

^  See  Final  Report,  Committee  on  Smoke  and  Noxious  Vapours  Abatement,  1921,  ]3age  75. 
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not  only  encourage  such  provision,  but  would  also  render  niucli  ])ractical  a.-si.Ntancc 
towards  ensuring  its  success. 

In  order  to  be  effective  such  instruction  must  be  both  theoretical  and  practical, 
and  the  course  should  embody  elementary  instruction  in  the  ])riuciples  of  combustion, 
as  also  methods  of  firing,  both  by  hand  and  machine,  smoke  ])revention,  the  c()m- 
position  of  the  gases,  and  the  use  and  object  of  essential  boiler  house  instruments. 
The  course  should  cover  at  least  two  sessions,  elementary  and  advanced,  and  a 
certificate  of  proficiency  should  be  awarded  to  those  who  comj)lete  the  course  and 
who  are  successful  in  satisfying  the  examiners. 

If  such  a  scheme  were  generally  adopted  in  industrial  areas,  in  a  comparativelv 
short  time  there  is  but  httle  doubt  that  a  considerable  ])roportion  of  firemen  woidd 
hold  certificates,  the  status  would  be  materially  improved,  and  ([ualified  men  would 
gradually  displace  untrained  men.  By  combination,  boiler  firing  would  of  necessitv 
be  quickly  regarded  as  a  skilled  trade,  as  it  unquestionably  should  be. 

Wliile  very  encouraging  results  have  been  obtained  by  the  individual  efforts 
of  some  engineers  and  employers,  the  only  hope  for  improvement  upon  any 
considerable  scale  would  appear  to  be  on  the  lines  discussed,  Mr  W.  IM.  IMiles, 
A.M.I.Mech,E.,  F.C.S.,  of  Sheffield  Corporation  Electricity  Department,  .stated  in 
a  paper  ^  read  before  the  Incorporated  Municipal  Electrical  Association,  that  ‘‘  as 
the  result  of  a  series  of  lectures  which  he  dehvered  to  firemen  and  firewomen  during 
the  War,  there  was  a  gradual  increase  in  the  boiler  efficiency  of  from  68 -Ol  to  73  and 
74  per  cent.” 

Early  in  1920  The  South  Metropohtan  Gas  Company,  London,  started  a  boiler 
house  school  for  firemen,  wdth  a  view  to  providing  a  complete  practical  training 
course.  Every  boiler  fireman  had  to  undergo  a  course  of  about  two  weeks’  practical 
training  in  feeding  and  chnkering  boiler  fires. 

One  boiler  house  was  equipped  with  all  the  necessary  apparatus  for  the  measure¬ 
ment  of  fuel,  water,  and  draught.  CO2  apparatus  was  also  installed  in  order  to 
continuously  determine  the  composition  of  the  gases  of  combustion  at  various 
points  in  their  passage. 

The  boilers  in  this  house  were  kept  on  their  ordinary  load,  so  that  all  ascertained 
results  were  those  obtained  under  ordinary  or  normal  working  conditions,  as  distinct 
from  test  conditions.  Each  delivery  of  fuel  to  the  boiler  house  was  sampled  anti 
tested,  in  order  to  determine  the  calorific  value  and  percentages  of  ash  and  moisture. 

Careful  records  were  kept  of  each  day’s  operations,  and  it  was  reported  that  as 
the  result  of  the  training  there  was  a  distinct  and  steady  improvement  in  working 
efficiency.  It  was  found  that  the  men  took  a  keen  interest  in  the  residts  obtained, 
and  readily  admitted  that  their  work  was  less  arduous. 

The  enterprise  of  The  South  Metropohtan  Gas  Company  in  thus  training  their 
firemen  is  to  be  commended,  particularly  when  it  is  borne  in  mind  that  the  fuel 
used  is  not  an  expensive  coal,  but  coke  breeze.  The  training  given  has  served  to 
emphasise  this  very  important  point — ^that  the  man  who  uses  his  brains  as  well 
as  his  shovel  has  less  work  to  do  than  the  man  who  wastes  fuel. 

See  Proceedings  of  ihe  Incorporated  Municipal  Electrical  Association,  July  20tli,  1!)21. 
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An  untrained  and  inexperienced  fireman  must  inevitably  work  harder,  owing 
to  misdirected  effort,  than  the  trained  man  who  is  able  to  evaporate  an  equal  weight 
of  water  in  a  given  time  vuth  considerably  less  fuel. 

Training  is  essential  because  imder  such  conditions  as  now  obtain  the  use  of 
common  sense  is  of  vastly  more  importance  and  value  than  misdirected  muscular 
energy.  Apaib,  however,  from  the  question  of  training,  it  is  very  desirable  to 
provide  some  incentive  in  order  to  encourage  interest  and  sustain  effort.  Many 
bonus  systems  have  been  tried,  but  it  cannot  be  said  that  any  one  of  them  has 
been  altogether  successful  under  the  more  or  less  varying  conditions  which  are 
usually  experienced.  No  bonus  system  has  yet  been  evolved  which,  under  all 
conditions,  has  worked  out  fairly  to  both  parties.  Systems  have  been  tried  which 
have,  under  certain  conditions,  operated  unfairly  against  the  employee,  other 
systems  have  been  abandoned  because  it  was  discovered  that  they  were  open  to 
abuse. 

It  is  of  the  utmost  importance  to  secure  and  retain  the  confidence  of  the  fireman. 
To  this  end  no  instrument  or  apparatus  installed  in  the  boiler  house  should  be 
permitted  to  remain  a  mystery  to  the  fireman.  So  far  as  is  practicable  he  should 
be  instructed  and  brought  to  reahse  the  principle  of  the  apparatus,  the  object  of 
its  profusion,  and  the  improved  results  which  it  is  intended  to  make  possible. 

It  is  only  along  such  hues  that  co-operation  and  interest  can  be  secured.  If 
the  full  value  is  to  be  obtained  out  of  such  apparatus  as  may  be  installed,  this  will 
not  be  accomphshed  by  alloAving  any  impression  to  exist  that  a  particular  instrument 
is  merely  a  “  tell  tale,”  but  rather  by  satisfying  the  fireman  that  the  improved 
results  which  may  be  obtained  will  be  to  his  advantage,  as  well  as  to  the  advantage 
of  all  concerned. 

If,  from  the  point  of  \fiew  of  smoke  abatement,  the  training  of  firemen  is 
important — and  no  one  will  dispute  this — ^then  it  may  be  said  that  a  complete 
change  in  the  existing  methods  is  also  of  importance  from  the  standpoint  of 
efficiency  in  steam  generation  and  also  coal  conservation. 

Until  it  is  clearly  recognised  that  training  is  essential,  and  rmtil  steps  have  been 
taken  to  provide  suitable  training,  there  can  be  no  considerable  advance  in  the 
efficient  operation  of  steam  boiler  installations. 

In  advocating  improved  methods  of  steam  generation,  and  the  adoption  of 
apparatus  and  accessories  for  reducing  or  ehminating  avoidable  waste,  it  is  necessary 
to  emphasise  the  importance  of  new  men  as  well  as  new  methods. 

If  a  more  extended  use  of  low  grade  fuels  is  to  be  made  the  questions  of  effective 
control  and  the  emplopnent  of  skilled  firemen  must  be  regarded  as  essential  factors. 
Such  fuels  -will  not  be  used  upon  any  considerable  scale  without  close  supervision, 
and  the  employment  of  skilled  labour.  The  unskilled  and  incompetent  will  continue 
to  insist  that  steam  cannot  be  maintained  vuth  any  fuel  but  the  best,  no  matter 
what  apparatus  is  provided. 

There  are  signs  that  in  the  near  future  facihties  wuU  be  provided  in  some  of  the 
proAuncial  industrial  centres  for  the  training  of  firemen.  The  question  is  now 
arousing  unuusal  interest,  and  it  is  hkely  that,  pending  legislation  in  regard  to 
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smoke  prevention,  it  wall  not  be  without  effect  in  compelling  those  resj)on.sibli‘ to 
take  action. 

When  it  is  borne  in  mind  that  in  a  country  such  as  Holland,  having  but  a 
comparatively  small  industrial  coal  consumption,  instruction  for  firemen  has  been 
provided  for  the  past  fifteen  years  by  Government  order,  it  must  be  adniittetl  that 
we  have  been  tardy  in  our  recognition  of  the  essential  condition  foi'  boiler  houst* 
efficiency — skilled  operation. 
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x4bj6rn  Anderssoii — 

mechanical  peat  elevator,  70 
peat  dredging  machme,  69 
Ammonia,  recovery  from  producer  gas,  199, 
203,  209 
Analysis  of — 

briquettes,  coal,  132-134,  154 
lignite,  39 

brown  coal,  46,  47,  55,  56 
coal,  323-324 

calorimeters  for.  See  Testing  Instruments 
coke  breeze,  82,  83 
colliery  waste,  13,  14,  17 
flue  gas,  326-328 

indicating  and  recording  CO,  in.  See 
Testing  Instruments 

lignite,  27,  34,  35,  40,  41,  44,  .54,  55,  56,  57 
peat,  74 
rice  husks,  187 
spent  tan,  188 
sub-bituminous  coal,  9 
wood,  173 
Andrews,  85,  359 
Anrep,  peat  macerator,  70-72 
Ash,  fuel  recovery  from.  See  Fuel  Eecovery 
handling.  See  Handling  Ash  and  C'lmker 
Ashcott,  peat,  74-75 

Babcock,  43,  358 
Babcock  &  Wilcox — 

chain  grate  mechanical  stoker,  230 
water  tube  boiler,  243 
Bagasse,  as  fuel,  189-190 
Bastin,  358 
Batey,  256,  359 
Bennis — 

band  conveyor,  304,  305 

bucket  ash  elevator,  313-314 

bucket  elevator,  301-302 

chain  grate  mechanical  stoker,  242,  243-245 

coking  stoker,  231-233,  235 

gravity  bucket  conveyor,  303 

pneumatic  ash  removal  plant,  309-312 

portable  bucket  elevator,  303,  304 

ram  wagon  tipper,  306 

rotary  wagon  tippler,  307 

sprinkling  stoker,  237,  239-241 

steam  suction  ash  conveyor,  311-312 

steel  link  conveyor,  300-301 


Binder.s — 

briquetting  tests  with,  129 
clay,  128 

cohesion  test  of,  130 
essential  qualities  of,  129-130 
pitch,  38,  128 
Blast  Furnace  Gas — 
air  supply  regidation,  192 
analysis  of,  190 
burners  for,  192-195 
combustion  chambers  for,  193 
Cumberland  burner,  194 
Hunter  burner,  194-195 
power  production  from,  191 
Weymann  burner,  192-193 
combustion  chamber,  193 
governor,  192 

Blendmg  fuel,  Sandwich  system,  92,  255— 
256 

Blizard,  36,  360 
Boby,  water  softeners,  284—285 
Boiler  House,  control  of,  351-357 
Boilers.  See  Steam  Boilers 
Bone,  57,  59,  60 
Booth,  209,  359 
Briquettes,  Coal — 
analyses  of,  132-134,  1.54 
ash  content  of,  134 
automatic  fuel  measuring  for,  135 
bmders  for,  128-130 
blending  fuel  for,  134-135 
boiler  tests  with,  153-155 
drymg  fuel  for,  135 
loading,  140,  142 
makhig.  See  Briquettmg  Coal 
output  in  Great  Britam,  125,  126,  127 
ovoid,  132,  13.5,  136,  142,  1.52 
sizes  and  weights  of,  131 
standard  specification  of,  135 
without  binders,  152-155 

advantages  over  raw  coal,  152 
carbonisation  of,  155 
tests  with,  154 
Briquettes,  Lignite — 
analysis  of,  39 
bmders  for,  38 
carbonised  lignite,  34,  38,  42 
making.  See  Briquetting  Iflgnite 
output  in  Germany,  27 
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Briquetting  Coal — 
plant — 

Johnson’s  installations,  145-152 
Leeds  Briquetting  Works,  141-143 
Rose  Patent  Fuel  Co.,  137-142 
preliminary  fuel  treatment — 
blending,  134-135 
drying,  135,  138-139 
measuring,  135 
washing,  138 
presses — 

at  Rose  Patent  Fuel  Co.’s  works,  141 
Johnson’s  vertical  table,  150 
Meguin  waste  fuel  briquetting  press, 
165 

Yeadon’s,  for  ovoid  and  rectangular 
briquettes,  142-145 
processes,  139-152 
without  binders,  152-155 
Briquetting  Lignite — 

for  improving  heat  value,  42 
plant  lay-out  for,  31,  38 
steam  press  engme  for,  30-31 
Brown  Coal — 

analyses  of,  46,  47,  55,  56 
Australian,  46-54 
boiler  tests  with,  50-53,  62-63 
characteristics  of,  26,  48 
drying,  58-60 
German,  27-32 
mining,  28-29 
New  Zealand,  55-56 
pulverised,  64 

steam  generation  with,  57-65 
Buchanan,  181 

Bucket  Elevators,  for  handling  coal,  ash  and 
clinker,  301-302,  313-314 


Calorimeters.  See  Testing  Instruments 
Cambridge — 

dial  draught  gauge,  336 
draught  recorder,  336-337 
electrical  CO  2  indicator  and  recorder,  330- 
331 

index  and  recordmg  thermometers,  mer¬ 
curial  type,  342,  343-344 
portable  CO  2  and  temperature  indicator, 
331-332 

steam  pressure  recorder,  349-350 
thermo-electric  indicator,  342-343 
Campbell — 

open  hearth  suction  gas  producer,  197,  199, 
200 

refuse  gas  producer,  184-188 
Carbon  Dioxide,  testmg  in  flue  gas.  See 
Testing  Instruments 
Carbonised  Lignite,  34,  38,  42 
Carbonising  Lignite,  34,  41 
plant  for,  38 
products  of,  43 
Chapman,  44 


Clay,  as  briquette  binder,  128 
Clayton,  268,  323,  359 
Clinker — 

handling.  See  Handling  Ash  and  Clinker 
recovery  of  fuel  from.  See  Fuel  Recovery 
CO  2  Thermoscope,  329 
Coal — 

analysis  of,  323-324 

ashes,  handling.  See  Handlmg  Ash  and 
Clinker 

recovery  of  fuel  from.  See  Fuel  Recovery 
available  m  England,  6 
briquettes  of.  See  Briquettes,  Coal 
brown.  See  Brown  Coal 
handling.  See  Handling  Coal 
measuring,  135,  307 

Lea  coal  meter,  307-308,  309 
output  in  various  countries,  6,  7,  27 
reserves  in  various  countries,  8,  10 
sub-bitummous — 
analyses  of,  9 
characteristics  of,  9 

waste  and  low-grade,  gasification  of.  See 
Producers 
Cobb,  11,  358 

Coffee  Husks,  as  fuel,  185,  186 
Coke — 

ashes  of,  recovery  of  fuel  from.  See  Fuel 
Recovery 

output  in  Germany,  27 
Coke  Breeze — 
analyses  of,  82,  83 
boiler  tests  with,  84-86,  89-92 
calorific  value  of,  83 
mixing  with  bitummous  slack,  92 
moisture  m,  83 

rate  of  combustion  in  furnaces,  84 
size,  82 

steam  generation  with,  83-93 
Colliery  Waste — 
analyses  of,  13,  14,  17 
boiler  tests  with,  15-18,  20-23 
calorific  value  of,  13,  14 
kinds  of,  12 

steam  generation  with,  12-25 
Columbus,  coke  separator,  157-159 
“  Compressed  Fuel.”  See  Briquettes 
Conveyors.  See  Handling  Coal ;  Handlmg 
Ash  and  Clinker 
Cornish  boilers,  214-216 
Cotton  Seed  Cake,  as  fuel,  188 
Coulson,  pan  ash  washer,  159-162 
Crossley — 

peat-fired  producer,  74,  76 
wood-fired  producer,  178-182 
Cumberland,  blast  furnace  gas  burner,  193- 
194 


Darling,  41,  43,  358 
Davies,  132,  133 
Davis,  358 


INDEX 


Destructors — 

air  supply  for,  108-109 
charging,  97-104 
by  hand — 

back  feed,  99,  100,  103 
front  feed,  99,  101 
top  feed,  97-99 
mechanically — 

container  feed,  102-103,  105,  106 
skip  feed,  104 
clinkering,  105-108 
floors,  121 

trough  gate,  107-108,  109,  110 
combustion  chambers  for,  96 
continuous  grate  type,  96 
description  of,  95 
drying  hearths  for,  97,  99 
dust  interception  chambers  for,  96 
earliest  forms  of,  95 
forced  draught,  95 
“  fume  cremators  ”  for,  95 
grates,  flat,  101,  107 
trough,  100,  107,  108 
Heenan  &  Froude  plant,  98-110,  121 
municipal  operation  of,  diagrams,  116 
regenerators  for,  96,  108 
steam  generators  for,  96,  109-111,  121 
steam  pressure  diagrams,  118 
steam  temperature  diagrams,  119 
tests  with,  113-120 
Diagrams — 

burning  of  towns’  refuse,  116 
chimney  loss,  273 
combustion  losses,  272 
results  obtamed  with  G.R.  producer,  211 
steam  pressure,  118 
steam  temperature,  119 
variation  in  composition  of  lignite,  45 
Dick,  359 

Dowson,  bituminous  producer,  196,  198,  199 
Draught  gauges.  See  Testing  Instruments 
Dry  Back  boiler,  218-219 
Dryers — 

for  high-moisture  fuels,  29-30,  58-60 
Johnson  rotary,  151 
Underfeed  Stoker  Co.,  58,  60 
Duplex,  mono  automatic  gas  analy.ser,  333-334 


Eclipse  Peat  Co.,  74-75 
Economic  boiler,  218-219 
Elevators.  See  Handling  Coal  ;  Handling  Ash 
and  Clinker 

Erith  Roe,  multiple  retort  stoker,  24.5-248 
Evans,  153,  359 


Feed  Water — 

automatic  regulation  of,  286 
National  circulator,  289-290,  291 
circulating,  289-290 
heatmg,  287 


Fee d  W'a t c r —  co nliinnil 
heating — continneil 

Green’s  fuel  ceonoiiiisc  r,  2h7  2h9 
Holden  &  Brooke's  high  \eIo<  itv  exhaiist 
steam  feed  wat(  r  healc  r,  29<»  292 
saving  effeeted  by,  29(1 
with  exhaust  steam.  29(1  2!(2 
impurities  in — 
corrosive,  283 
scale  forming,  283 
measurement  of,  2i(2  293,  321 

Kent’s  uniform  ])ositive  wat(  r  meter,  293 
Kent's  \'enturi  water  meter,  2t)3  2!»4 
Lea  V  notch  recorder,  294  296 
Leinert  water  meter,  2!)7  298 
Yorke  weir  water  inetir,  2!(6  297 
oil  elimination  from,  28.5-286 
softeners  for — 

Boby  softeners,  284-  285 
Fernald,  1,  358 

Fery,  radiation  pyrometer,  344,  346 
Firemen,  trainmg  of,  351-357 
“  Fire  Regulators,”  226 
Firing — 

air  supply  for,  266-267 
by  hand — 

alternate  firing,  260-261 
coking  system,  261,  262 
general,  259-260 
raking  and  slicing,  262-263 
ribbon  tiring,  261 
skle  firing,  260-261 
spreadmg,  261-262 

mechanically.  See  IMechanieal  .8tokers 
Sandwich  system,  92,  25.5-256 
Flue  Gas — 

analysis  of,  326-328 

indicating  and  recording  CO^  in.  See  Test 
ing  Instruments 

”  F  ”  multiple  retort  stoker,  2.50-252 
Fowles,  190 
Fryer,  95 

Fuel  Recovery  from  waste  fuel,  asli  and  clinker 
dry  processes — 

magnetic  separation,  163,  169-171 
screening  and  sorting,  171  172 
wet  processes — 

Columbus  coke  separator,  157-159 
Coulson  pan  breeze  washer,  159-162 
Meguin  ash  washer,  1()2-167 
Notanos  pan  ash  washer,  1()6.  167  169 
Furnaces — 

air  heaters  for,  275-283 
air  supply  to,  269-272 
heating,  59,  6(1,  275-279 
advantages  of,  277 
boiler  tests  with,  27() 
loss  due  to  excess  of,  266-267 
arches  for,  59,  64 

ash  and  clinker,  removal  from.  See  Hand¬ 
ling  Ash  and  Clinker 
balanced  draught,  273 
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Furnaces — continued 
Ijurning — 

coke  breeze,  84-91 
lignite  and  brown  coal,  57-64 
low-grade  fuels,  19,  24,  25 
paddy  husks,  187 
wood  refuse,  177-178 
chinmey  draught,  270-272 
chimney  loss,  271,  273 
cleaning,  263-264 

baffle  bridge  for,  263-264 
combustion  space  of,  267 
compressed  air,  232,  239 
firebars  for,  35,  51,  53 
firing.  See  Firmg 

flue  gas,  analysis  of.  See  Testmg  Instru¬ 
ments 

forced  draught,  273 

Gallagher  &  Crompton’s  baffle  bridge  for 
cleaning,  263-264 
grate  area  of,  19,  24,  25,  264-266 
Green  air  heater,  279 
hand-fired,  256,  257-259 
cleaning,  263-264 
grate  area  of,  264-266 
hand-firmg.  See  Firmg 
handling  coal  for.  See  Handling  Coal 
Howden  Ljungstrom  air  heatmg  system,  279 
induced  draught,  272-273 
measuring  coal  for.  See  Coal 
natural  draught,  270-272 
Prat  induced  draught,  273-275,  282 
pre-drying  of  fuel  for,  58-64 
pulverised  fuel  for,  64,  65 
pyrometers  for.  See  Testmg  Instruments 
rate  of  combustion  in,  84 
steam  jet  blower,  87-88 

stokmg  mechanically.  See  IMechanical 
Stokers 

suction  draught,  272-273 

temperature  of,  recording  and  indicatmg. 

See  Testmg  Instruments 
Thermix  air  heater,  280-283 
Usco  air  heater,  279-280 


Gallagher  &  Crompton,  baffle  bridge  for  clean¬ 
ing  fires,  263-264 
Gas,  lignite,  43,  45 

blast  furnace  gas.  See  Blast  Furnace  Gas 
Gasification  of  low-grade  and  waste  coal.  See 
Producers 

Gauges,  pressure.  See  Testing  Instruments 
Goodrich,  96,  102,  359 
Green,  fuel  economiser,  287-289 
“  G.R.”  gas  producer,  209-212 


Haanel,  35,  67,  68,  77,  78,  358 
Hall,  90,  359 

Handlmg  Ash  and  Clhiker — 

Bennis  bucket  and  elevator,  313-314 


Handling  Ash  and  Clinker — continued 

Beimis  pneumatic  ash  removal  plant,  309-312 
Bennis  steam  suction  ash  conveyor,  311-312 
bucket,  elevators  for,  313-314 
general,  308-309 
pneumatic  systems,  309-312 
steam  suction  conveyors,  312-313 
steam  suction  systems,  309-312 
Usco  ash  conveyor,  314-315 
Handling  Coal — 

band  conveyors  for,  303-305 
Beimis  band  conveyor,  304,  305 
Bennis  bucket  elevator,  301-302 
Bennis  gravity  bucket  conveyor,  303 
Bennis  portable  bucket  elevator,  303,  304 
Bennis  ram  wagon  tipper,  306 
Bennis  rotary  wagon  tippler,  307 
Bennis  steel  link  conveyor,  300-301 
bucket  elevators  for,  301-302 
general,  300 

gravity  bucket  system  for,  302-303 
pneumatic  systems  for,  305-306 
portable  elevators  for,  303 
steel  Imk  conveyors  for,  300-301 
Hausdmg,  67,  358 

Hay,  differential  draught  gauge,  339 
flue  gas  analyser,  328-329 
multi-point  draught  gauge,  340 
vernier  draught  gauge,  339 
Hays,  318 

Heenan  &  Froude,  destructors,  98-1 10,  121 
Henderson,  simplex  mechanical  stoker,  175-176 
Herdsman,  134 
Hoadley,  275 

Hodges,  3,  7,  358,  359,  360 
Holden  &  Brooke,  high  velocity  exhaust  steam 
feed  water  heater,  290-292 
Hoover,  3 

Hunter,  blast  furnace  gas  burner,  194-195 


Indicators,  CO2,  temperature  and  pressure.  See 
Testmg  Instruments 
Izart,  278,  360 


Jakobson,  field  press,  72 
Jevons,  6 
Johnson — 

briquettmg  plant,  148,  149 
revolving  table  measurer,  151 
rotary  dryer,  151 

vertical  table  rectangular  bricpietting  press, 
150 

Juckes,  230 


Kent,  steam  flow  recorders,  345,  346,  347-349 
uniform  positive  water  meter,  293 
Venturi  water  meter,  293-294 
Kerpely,  revolving  grate  producer,  198-203 
Krupp,  magnetic  separator,  170,  171 
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Lancashire  boilers,  216-217 
Lane,  3,  358 

Lea,  coal  meter,  307-308,  309 
V  notch  recorder,  294-296 
Leeds  Briquettmg  Works,  arrangement  of  plant, 
141 

Lemert,  water  meter,  297-298 
Lewes,  2,  358 
Lignite — 

analyses  of,  27,  34,  35,  40,  41,  44,  54,  55,  56, 
57 

ashes  of,  recovery  of  fuel  from.  See  Fuel 
Recovery 
Australian,  44-54 
“  black,”  9 

boiler  tests  with,  36-37,  61 

briquettes  of.  See  Briquettes,  Lignite 

briquetting.  See  Briquetting  Lignite 

British,  26-27 

Canadian,  32-40 

carbonised,  34,  38,  42,  43 

characteristics  of,  9,  26 

drying,  29,  30,  58-60 

for  firing  cement  kilns,  45 

gas  from,  43,  45 

German — 

briquetthig,  30,  31 
drying,  29-30 
minmg,  28-29 
production  of,  27 

improvement  of  heat  value  by  briquettmg,  42 

mining,  28-29 

New  Zealand,  55-56 

output  of,  hi  various  countries,  26,  27 

products  of  carbonisation  of,  43 

pulverised,  41,  42,  64 

steam  generation  with,  32,  35-37,  44,  57-65 
United  States,  40-43 
utilisation,  41 

variation  in  composition  with  depth,  45 
Linden,  ter,  19 


Magnetic  Separation,  of  waste  fuel,  163, 169-171 
Mahler,  bomb  calorimeter,  324 
Measuring — 
coal,  135,  307 

feed  water.  See  Feed  Water 
Lea  coal  meter,  307-308,  309 
Mechanical  Stokers — 
air  supply  to,  253 

application  of  Sandwich  system  to — • 
chain  grate  stokers,  255 
underfeed  stoker,  256 
application  to — 

Lancashire  boilers,  229-230,  232,  239,  257 
water-tube  boilers,  243,  247,  252,  257 
Babcock  &  Wilcox  cham  grate,  230 
Bennis — 

cham  grate,  242,  243-245 
stoker  Ihiks,  244 
cokmg  stoker,  231-233,  235 


Mechanical  Stokci-s — conlintieil 
Be  n  n  is — continued 
sprinkling  stoker,  2.37,  2.39-241 
throwing  l)ox,  238 
coking  stokers,  23 1 
cost  of,  228-229 
disadvantages  of,  226-229 
early  tyix's,  230-231 
Erith  Hoe  multiple  retort,  24.7-248 
fire  door  of,  254 
“  F  ”  multij)le  retort,  2.70-252 
fuel  selection  for,  226-228 
handling  coal  for.  See  Handling  Coal 
Henderson’s  Simjdex,  175-176 
Hodgkinson,  231 
hydraulic  motors  for,  254 
Juckes  chain  grate,  230 
measurmg  coal  for.  See  Coal 
Meldrum,  231 
peat-fired,  80 
Pluto,  252-255 
air  supply  to,  253 
fire  door  of,  254 
hydraulic  motor  of,  254 
Proctor  sprinkler,  231,  236,  238-23!* 
retort  stokers,  245 
Riley  multiple  retort,  248-250 
self-contained  imjjelled  draught  travelling 
grate,  240,  241-243 
sprinklmg  stokers,  231 
Triumph  sprinkler,  2.31,  234,  2.3.7,  238 
Underfeed  Stoker  Co.,  89,  241,  250 
Vicar’s,  231 

Megasse,  as  fuel,  189-190 
Meguhi — 

ash  washer,  162-167 

combmed  ash  washmg  and  briquettmg  plant, 
164 

waste  fuel  briquetthig  press,  165 
Miles,  355 
Mills,  129 

Mming,  brown  coal  and  lignite,  28-29 
Moore,  peat  spreader,  72 
Moiuvell  brown  coal,  47-50 
boiler  tests  with,  50-53 
electrical  development  of,  53 
Mju-es,  5 

National,  circulator,  289-290,  291 
Nicol,  91,  92 
Nimmo,  2 

Notanos,  jmn  ash  washer,  166,  167-169 


Orsat,  gas  analyser,  328 
Owen,  firebars,  51,  53 


Paddy  Husks,  as  fuel,  187 
Parrish,  84,  85,  359 
Patent  IViel.  See  Briquettes 
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Paxman,  Economic  boiler,  219 
Peat — 

Abjorn  Andersson’s  excavators,  69,  70 
analysis  of,  74 
Anrep’s  mace  rat  or,  71-72 
blocks,  77 

boiler  tests  vith,  79,  80 

British,  74 

Canadian,  77-78 

composition  of,  66 

deposits  m  various  countries,  73 

drying,  66-68 

excavatmg,  69-70 

furnaces  for,  79 

gasification  of,  74,  76 

German,  78-79 

Irish,  74-77 

Jakobson  field  press,  72 
macerating,  72 
Moore  spreader,  72 
Personn’s  conveyor,  73 
spreading,  72 

steam  generation  with,  74,  76,  78-79 
Swedish,  79-80 
Persoim,  peat  conveyor,  73 
Pitch,  as  briquette  binder,  38,  128 
Platt,  124 

Pluto,  multi23le  retort  stoker,  252-255 
Pneumatic  systems,  for  coal,  ash  and  clmker 
handling,  305-306,  309-312 
Prat,  induced  draught,  273-275,  282 
Prentiss,  275 

Pressure  gauges.  See  Testmg  Instruments 
Proctor,  sprmkler  stoker,  231,  236,  238-239 
Producers — 
burning — 
lignite,  188 

low  grade  and  waste  coal,  196-212 
peat,  74,  76 

wood  and  vegetable  refuse,  178-190 
Campbell  open  hearth  suction  gas  plant,  197, 

199- 200 

Campbell  refuse  gas  producer,  184-188 
C'rossley  wood-fired  producer,  179-182,  187 
tests  with,  181-182 

Dowson  bitummous  producer,  196,  198, 
199 

fixed  gate  jiroducers,  196-200 
Kerpely  revolving  grate  producer,  198-203 
boiler  test  with,  205 
for  ammonia  recovery,  199,  203 
gas  analyses  with,  204 

mechanical  and  revolving  grate  producers, 

200- 212 

advantages  of,  200,  202 
R.G.  producer,  209-212 

graphs  showing  results  with,  211 
Ruston  refuse  gas  producer,  182-184 
Stem  Chapman  producer,  206-209 
mechanical  agitator  for,  206-208 
with  ammonia  recovery,  199,  203 
Pulverised  lignite  and  brown  coal,  41,  42,  64,  65 


Purcell,  67,  358 

Pyrometers.  See  Testing  Instruments 
Rauls,  79,  359 

Recorders,  CO2,  temperature  and  pressure.  See 
Testmg  Instruments 
“  Rectinite,”  27 
Redmayne,  2 

Refuse  Destructors.  *See  Destructors 
Rice  Husks,  as  fuel,  185-188 
analysis  of,  187 

Riley,  multiple  retort  stoker,  248-250 
Rose  Patent  Fuel  Co.,  lay-out  of  works,  137 
Rosenhain,  fuel  calorimeter,  324-326 
Ross,  33,  358,  360 

Ruston,  refuse  gas  producer,  182-184 

Sandwich,  fuel  blendmg  system,  92,  255-256 
Shakespeare,  330 
Simmance — 

dead  beat  indicator,  337 
patent  S.A.W.  COj  recorder,  332,  333 
Smokeless  fuel,  155 
Softeners,  feed  water,  284-285 
Soot  Removal — 

diamond  soot  blowers,  316,  317-318 
mechanical  blowers,  316 
steam  lance,  316 

South  Metropolitan  Gas  Co.,  boiler  house 
school,  355 

Spent  Tan,  analysis  of,  188 
as  fuel,  188-189 

Steam,  pressure-gauges  and  fiow-recorders  for. 

See  Testmg  Instruments 
Steam  Boilers,  for  utilising  low-grade  fuel — 
Babcock  &  Wilcox,  220 
Cochran,  214 

comparative  cost  of  firing,  91 
Cornish,  214-216 
dish  end,  216 
flat  end,  215 
covering  of,  318 
Dry  Back,  218-219 
Economic,  218-219 
Essex,  214 

externally-fired  multitubular,  220 
feed  water  for.  See  Feed  Water 
furnaces  for.  See  Furnaces 
general  discussion  of,  213,  221-225 
Lancashire,  216-217 
fiat  end,  217 
locomotive  type,  220 
Nesdrum,  220 
Niclausse,  220 
Paxman  Economic,  219 

pressure  gauges  for.  See  Testing  Instruments 

scale  formation  in,  286 

setting  heights  of,  257 

soot,  removing  from.  See  Soot  Removal 

Spearing,  220 

Spencer  Hopwood,  214 
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Steam  Boilers,  for  utilising  low-grade  fuels — 
continued 
Stirling,  220,  221 
superheaters  for.  299-300 
superheating  steam  from,  298-300 
advantages,  299 

testmg  efficiency  of.  See  Testing  Instru¬ 
ments 

Thompson,  220 
types,  213 
vertical,  213-214 
water-tube,  220-221 

advantages  and  disadvantages  of,  220 
direct  tube  to  drum  type,  220 
header  type,  220 
Woodeson,  220 
Yorkshire,  217-218 
Steam  Generation,  using  as  fuel — 
blast  furnace  gas,  190-195 
brown  coal,  57-65 
coal  briquettes,  154 
coke  breeze,  83-93 

coke  breeze  mixed  with  coal  slack,  92 
colliery  waste,  12-25 
lignite,  32,  35-37,  44,  57-65 
peat,  74,  76,  78-80 
suction  gas,  201,  203,  205 
towns’  refuse,  113-121 
vegetable  refuse,  173,  185-190 
wood  refuse,  173-185 
Steam  Pipes,  covermg,  318,  319,  320 
Stein  Chapman,  gas  producer,  206-209 
Stirling  boiler,  221 
Stokers.  See  Mechanical  Stokers 
Straham,  6 

Suction  systems,  for  ash  and  clinker  removal, 

Sutcliffe,  153,  359 
Swindlehurst,  113,  117,  359 

Tea  Prunings,  as  fuel,  185,  186 
Teichmiiller,  359 

Temperature,  indicating  and  recording.  See 
Testing  Instruments 
Testing  Instruments — 

Bristol  dial  draught  gauge,  336 
Cambridge — 

dial  draught  gauge,  336 
draught  recorder,  336-337 
electrical  CO2  indicator  and  recorder,  330- 
331 

index  and  recording  thermometers,  mer¬ 
curial  type,  342,  343-344 
portable  CO2  and  temperature  indicator, 
331-332 

steam  pressure  recorder,  349-350 
thermo-electric  indicator,  342-343 
COa  Thermoscope,  329 
draught  gauges — 
dial,  335-336 
differential,  339 
U  tube,  335 


Testing  Instruments — coiilinited 

Duplex  mono  automat  ie  gas  analy.ser,333  3;!1 
Fery  radiation  pyrometer,  344,  346 
Hay’s  differential  draught  gauge,  339 
tine  gas  analyser,  328-329 
multi-point  draught  gauge,  349 
Vernier  draught  gauge,  33!l 
Kent’s  steam  How  recorders,  :545,  34  6,  :J47- 
349 

Mahler  bomb  calorimeter,  324 
Orsat  gas  analy.ser,  328 
pyrometers,  341-342 
Kosenhain  fuel  calorimeter,  324-326 
iSarco  dial  draught  gauge,  33() 

Simmance’s  dead  beat  indicator,  337 
patent  S.A.W.  CO,  recorder,  332,  333 
steam  meters,  346 

pressure  recorders,  349 
temperature,  indicating  and  recording,  33i*, 
341 

Usco  draught  indicator,  338-33!) 

W.R.  CO2  mdicator,  334-335 
Wright’s  combined  indicating  and  recording 
steam  pressure  gauge,  349 
Thermix,  air  heater,  280-283 
Thermometers,  index  and  recording,  342,  34.3- 
344 

Thomson,  38 
Towns’  Refu.se — 

boiler  tests  with,  113,  114-115,  120 
composition  of,  112 
destructors  for.  See  Destructors 
disposal  of,  94 

fuel  recovery  from.  See  Fuel  Recovery 
fuel  value  of,  94,  111-123 
steam  generation  with,  112-120 
Triumph,  sprinkler  stoker,  231,  234,  235,  238 


Underfeed  (Stoker  Co. — 

dryer  for  brovui  coal  and  lignite,  60 
“  F  ”  multiple  retort  stoker,  2.50 
self-contained  imjrelled  draught  travelling 
grate  stoker,  241 

travelling  grate  stokers  burning  coke  breeze, 
89 

Usco  air  heater,  279-280 
Usco  ash  conveyor,  314-31.5 
Usco  draught  indicator,  338-339 
Usco  air  heater,  279-280 
ash  conveyor,  314-315 
draught  indicator,  338-339 


Vegetable  Refuse,  as  fuel,  173,  185 


Wade,  351 

Wagon,  tippers  and  rotary  tipplers,  306-.307 
Washmg  coal,  138 

Waste  Fuel,  recovery  of.  See  Fuel  Recovery 
Watson,  97,  359 
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Wery,  131 

l^'eyman,  blast  furnace  gas  burner,  192- 
193 

automatic  governor  for,  192 
combustion  chamber  with,  193 
White,  359 
Whittaker,  239 
Willis,  172 
Wollaston,  209,  359 
Wood- 

boiler  tests  with,  177 
calorific  value  of,  174 
composition  of,  173 


Wood — continued 

for  firing  boiler-plate  heating  furnace,  178 
power  gas  production  from,  178-185 
steam  generation  with,  174-177 
W.R.  CO  2  indicator,  334-335 
Wright,  129,  359 

Wright,  combined  indicatmg  and  recordin 
steam  pressure  gauge,  349 


Yeadon,  briquetting  joresses,  142-145 
Yorke,  weir  water  meter,  296-297 
Yorkshire  boilers,  217-218 
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SPEARING 

WATER-TUBE  BOILERS 

Special  advantages  claimed  for  the  SPEARING  HEADER  TYPE  BOILER 

The  essential  feature  of  the  Spearing  Boiler  is  the  system  of  circulation,  which  ensures 

a  definite  supply  of  water  to  the  lower  tubes,  and  the  deposit  of  sediment  in  the  large 

bottom  drum  instead  of  in  the  tubes. 

The  result  is— 

Prevention  of  scale 
in  the  tubes 

Freedom  from 
erosion  of  the 
tubes 

Overload  capacity 
only  limited  by 
grate  capacity 

Reduction  in  clean¬ 
ing  costs 

Reduction  in  repair 
costs 

No  danger  of  steam 
pocketing 

^  Best  average  work¬ 
ing  efficiency 

Prevention  of  blis¬ 
tering 

WORKS:  BARROW-IN-FURNESS 


SOME  RECENT  PUBLIC  SUPPLY  CONTRACTS 

Stepney  Corporation  Peterborough  Corporation  Wimbledon  Corporation  Birmingham  Corporation 

Charing  Cross  Supply  Co.  Poplar  Borough  Council  Blackpool  Corporation  Hyderabad  Electricity  Supply 
Loughborough  Corporation  Watford  Corporation  Newport  Corporation  etc.  etc. 

HIGHEST  POSSIBLE  EFFICIENCY 

Contracts  for  Boilers  of  75,000  lbs.  evaporation  each  now  in  hand 

VICKERS-SPEARING  BOILER  C“  r 

20  KINGSWAY,  LONDON,  W.C.2 


2  A* 


IV 


A.DYERTISEMENTS 


I 


s  Colliery 


ON  THE  TRIAL 

LANCASHIRE  BOILER  9  FT.  5Y  30rr.  INSTALLED  AT 
THE  CAMBRIAN  COLUERCS  LTD.  CLYDACM  VALZ . 

The  boiler  was  fitted  with  a  BENNIS 
SPRINKLER  STOKER  and  SELF  CLEANING  COMPRESSED 
AIR  FURNACE.CSOLfTU  WALES  TYPE)  AND  TUE  TEST  WAS 
COMPARATIVE  BETWEEN  MACHINE  STOKING 
AND  HANDFIRING . 


P<j8lIV<0  S'  tK  HI'®  -y 

MEDLEY  CLARK  ESO  GE>CRiU.  MANAGER 
cot** 


PUPATION  OF  TEST. 


OPATg  APEA 


DRAFT  CVtR  FlRt.3 . 


DRAFT  HAVINQ  60ILCR 


I  oASes  HAviNC  ooiLeR 


I  WATER  CNTERINC  &<Jil.tK 


STEAM  PRtSSU?E  BY  GAUGE 


NUWCR  OF  OtCaCtS  SUF*ePK.AT 


NAME  Of  COAL 


.  6tANT  PIB  aOCLER  PER  nOtW 


OrTTQ  AS  rftOH  AND  AT  ZIZ 


DITTO  A5  fHDH  AM?  AT  Z12 


CO»iPARLSON  OF  RESULTS 

HAND -FIRED  v  MECHANICAL  STOKING 

CN  TCSn  AT  M£55R.J  (flUOtS  <2  tl?  ViU  5W  (Mc  CTnnflt  jKMi 

iA»c  Bmo  SfoMiup  Stoizj)  .  A«  Rnuct  (la/ni  .4iu  >t<t)v  Lmi  Goup  J0'-.9’' 


I  MtTLCY  CU 


Nothing  is  so  convincing  as 
a  plain  statement  of  facts. 
Bennis  Stokers  are  installed 
in  hundreds  of  collieries,  etc. ,  rais¬ 
ing  steam  from  the  lowest  grade 
refuse  fuel. 


Ed 


&  Ca,  Ltd., 


LITTLE  HULTON  •  BOLTON 

&  26Victoria  Sb.,  London.S.W.I. 

Te/ephones  15  Farnworth  •  62/  Victoria  *  • 
ye/p gr<3nis .-  'Benms.  Little  Hutton '•  Benms.  I ondo/i 


-and  here  is  the  Si:oJcG 
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GAS  COKE 

THE  ANTI-WASTE  boiler 


FUEL 

TRUE  ECONOMY  IN  FUEL 

PRACTICE  DEMANDS— 

SMOKELESS  COMBUSTION 
MINIMUM  EXCESS  OF  AIR 
HIGH  TEMPERATURE  HEAD 
MAXIMUM  RADIANT  EFFECT 

GAS  COKE 

IS  ABSOLUTELY  SMOKELESS 
REQUIRES  IN  PRACTICE  ONLY 
30  TO  50  PER  CENT.  EXCESS 
AIR  (Goal  requires  100-150  per 
cent,  excess) 

COKE  GIVES  THEREFORE  A  CORRES¬ 
PONDINGLY  HIGH  TEMPERATURE 
HEAD  AND  EVAPORATIVE  DUTY 

REGARDING  RADIANT  EFFECT,  THE 
FUEL  RESEARCH  BOARD  say:  “Weight  for 
weight,  COKE  gives  more  RADIANT  HEAT  than 
coal  of  higher  thermal  value.” 


Pamphlets  dealing  with  Coke  and  Mixtures  of  low-grade  Coal  and  Coke 
in  relation  to  Smoke  Prevention  and  Fuel  Economy  free  on  application 

THE  LONDON  COKE  COMMITTEE 

84  HORSEFERRY  ROAD,  S.W.l 
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POWER  FROM  WASTE 


Wood  Chippings 

Sawdust 

Bark 

Jungle  Timber 
Tea  Prunings 
Spent  Tan 
Dried  iNIanure 
Dung  Cake 
Sugar  Cane  Refuse 
Cotton  Pods 
Cotton  Seeds 
Rubber  Seeds 
Prickly  Pears 
Olive  Refuse 
Sunflower  Seed 
Husks 
Cork  Dust 
Smoke-box  Char 
Coir  Dust 


A  Crossley  Gas  Engine,  combined 
with  a  Crossley  Producer  Plant, 
is  the  most  economical  method  of 
generating  your  power 

This  is  particularly  the  case  when 
waste  fuels  are  available ;  and  the 
saving  when  coal  is  burnt  is  enor¬ 
mous,  as  in  a  Crossley  Gas  Plant 
each  pound  of  coal  is  made  to  yield 
its  maximum  energy.  Full  par¬ 
ticulars  will  be  supplied  on  request 


Rice  Husks 
Cocoa  Husks 
Coffee  Husks 
Fruit  Stones 
Grape  Refuse 
Nut  Shells 
Monkey  Nuts 
Mealie  Cobs 
Almond  Shells 
Cocoanut  Shells 

Also 

Bituminous  Coal 

Bikaner  Coal 

Brown  Coal 

Collie  Coal 

Lignite 

Peat 

Wood 


ADVANTAGES 

Small  space  required.  Little  attention.  Regular  working 
No  Boiler  or  Chimney  Stack.  No  Soot,  Smoke  or  Sparks 
Small  Standby  Losses 

Built  in  various  sizes  from  6  to  600  h.p.  per  unit 


CROSSLEY  BROTHERS,  LTD. 

Openshaw  MANCHESTER  England 

London  Office:  139-141  Queen  Victoria  Street,  E.C.4 

BRANCHES  AND  AGENCIES  EVERYWHERE 

Telegrams:  “GASENGINE,”  MANCHESTER  Telephone:  City  4S00,  G-4 
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BABCOCK  <a  WILCOX  L™ 


ENGINEERS  AND  CONTRACTORS 


! 


for 

Land  and  Marine  Work 
installed  or  on  Order 


Arranged  for  any  kind  of  Fuel 


Some  2,500,000  h.p. 

Supplied  to  Mining  and 
Iron  and  Steel  Industries 
&c. 


Babcock  S;  Wilcox  Boiler,  fitted  with  Sui'F.rheateh 
AND  Economiser,  utilising  Waste  Heat  from  Siemens- 
Martin  Furnaces 


WATER-TUBE  STEAM  BOILERS 
24,000,000  h.p. 


Rahcock  &  Wilcox  Boilers,  fitted  with 
Superheaters  and  fired  with  Blast¬ 
furnace  Gas 


These  Boilers  are  fired  with  Low 
Grade  Fuels,  Waste  Heat  from  Blast 
Furnaces,  Re-heating  Furnaces,  Coke 
Ovens,  &c. 


Babcock  &  Wilcox  manufacture 

ELECTRIC  CRANES 
and  CONVEYORS 


Head  Offices  : 


BABCOCK  HOUSE 
FARRINGDON  STREET 
LONDON,  E.C.4 

Principal  Works  : 

RENFREW,  SCOTLAND 


Telegrams— 
Babcock,  Cent.  London 
Telephone — 

City  6470  (8  lines) 


Branch  Works; 
Dumbarton,  Scotland 
Oldbury,  England 
And  in  Italy,  Australia,  and  Japan 


Midland  Electricity  Works,  equipped  with  Boilers  fitted  with 
Superheaters,  Chain  Grate  Stokers,  and  Superposed  Economisers, 
Crane  and  Conveyor,  by  Babcock  &  Wilcox,  Ltd. 
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BRIQUETTE-MACHINERY  Ltd. 


Works 

Charmouth  Street 
LEEDS 


London  Office 


12  Broadway 
Westminster,  S.W.l 


Telegrams 

Ibbriketra 

Ftaone 

London 


Telegrams 
Briquette,  Leeds 


Vic. 


Phones 
f  6969 


16970 


Phone  23274 


THE  •*  HERCULES  ”  PRESS.  Made  in  6  Sizes 

Briquetting  Plant  for  Coal,  Coke,  Lignite,  Sawdust,  Ores,  etc. 


IMPORTANT  NEW  BOOKS  IN  THE  “GAS  &  EUEL  SERIES” 


NOIV  READY 

COKE  AND  ITS  USES :  In  Relation  to  Smoke  Abatement 

By  E.  W.  NICOL,  A.I.E.E.,  M.I.Mar.E.;  Member  of  the  Fuel  Economy  Committee,  Federation  of  British 
Industries  ;  Engineer  and  Fuel  Expert  to  the  London  Coke  Committee. 

It  is  to  meet  the  pressing  need  for  a  concise  and  authoritative  work  of  reference  for  the  use  of  all  busine^s  men 
and  others,  concerned  with  the  allied  subjects  of  economical  fuel  practice  and  smoke  prevention  that  this  book  has 
been  specially  written.  Crown  4to,  with  numerous  illustrations.  Price  igs.  6d.  net. 

THE  SUPERVISION  AND  MAINTENANCE  OF  STEAM-RAISING  PLANT 

By  CHARLES  A.  SUCKAN.  A.C.G.I.,  A.M.I.Mech.E.,  A.M.N.E.C.Inst.  ;  Certified  Chief  Engineer, 
Board  of  Trade  ;  Consulting  Engineer-Chemist. 

The  book,  though  strictly  scientific,  contains  a  wealth  of  practical  illustration  drawn  from  the  writer’s  experience 
ashore  and  afloat.  It  will  appeal  equally  to  the  company  director  and  the  plant  engineer.  Crown  4to,  with  about 
250  illustrations.  Price  36s.  net. 

COAL-TAR  DISTILLATION—  THIRD  EDITION 

By  A.  R.  WARNES,  A.Inst.P.,  M.I.Chem.E.,  C.I.Mech.E.,  F.C.S. 

The  reception  accorded  to  the  last  edition — long  since  out  of  print—  of  Mr  Warnes’  book  on  Coal-Tar  Distillation, 
has  induced  the  author  to  use  it  as  the  nucleus  of  this  large  exhaustive  treatise  which,  though  issued  under  the  same 
title  as  a  “third  edition,”  is  in  effect  a  new  work.  Crown  4to.  Over  500  pages.  151  illustrations  and  numerous 
graphs.  Price  45s.  net. 

PULVERISED  AND  COLLOIDAL  FUEL 

By  J.  T.  DUNN,  D.Sc.,  F.I.C.  ;  Consulting  Chemist  and  Analyst. 

The  author  gives  an  impartial  account  of  the  various  systems  for  burning  coal  in  the  powdered  form  .which  have 
been  developed  in  recent  years  and  applies  those  principles  so  as  to  indicate  the  conditions  under  which  powdered 
coal  is  likely  to  become  available  and  economically  applicable  to  the  purposes  of  industry.  Crown  410,  with 
numerous  illustrations.  Price  25s.  net. 


ERNEST  BENN  LIMITED,  8  BOUVERIE  STREET,  E.C.a 
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A  WEEKLY  JOURNAL 

DEVOTED  TO  INDUSTRIAL 
AND  ENGINEERING  CHEMISTRY 

THE 

CHEMICAL  AGE 

IS  READ  BY 


Supports  all 

CHEMICAL  MANUFACTURERS 

CHEMICAL  MERCHANTS 

Special  Articles 

Movements  for 

RESEARCH  CHEMISTS  : 

by  Leaders  of 

the  Development 

WORKS  CHEMISTS  :  : 

Science, 

of  the  British 

ANALYTICAL  CHEMISTS 

Industry, 

Chemical 

CONSULTING  CHEMISTS 

and  Commerce. 

Industry. 

CHEMICAL  ENGINEERS 

ILLUSTRATl-ID 

CHEMICAL  PLANT 

MANUFACTURERS 

EVERY  MONTH  the  China  Clay  Trade  Review 
is  incorporated  in  THE  CHEMICAL  AGE  vg 


THE  CHEMICAL  YEAR  BOOK.  1924 

FREE  to  Subscribers  of  THE  CHEMICAL  AGE 

Non-Subscribers  ......  10/6 

CONTENTS 

Index  of  Chemical  Organisations.  Chemical  Names  and  formula' 
of  Commercial  Chemicals.  Chemical  Statistics  and  Standard  Tables. 
Chemical  Price  Records.  Buyers’  Guide.  Advice  to  Inventors. 
Commercial  Users  of  Industrial  Chemicals.  Commercial  Intelligence. 
Bankruptcies,  etc.,  for  the  Year.  Interleaved  Diary  for  the  Year 


BENN  BROTHERS  LTDc 

8  Bouverie  Street,  LONDON,  E.C.4 
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EVERY  PHASE  OF 
THE  GAS  INDUSTRY 

IS  AUTHORITATIVELY  DEALT  WITH  IN 

THE  GAS  WORLD 

PUBLISHED  EVERY  SATURDAY,  PRICE  EIGHTPENCE 
PREPAID  SUBSCRIPTION,  U.K.,  281-  per  annum.  Abroad,  321- 

THE  GAS  WORLD  is  regularly  read  by  Chair¬ 
men  and  D Rectors  of  Gas  Companies,  Managers, 

Engineers'  Officials,  Chemists,  Employees  of  Gas 
Compa?iies,  and  all  who  ?ieed  to  be  kept  in  the  closest 
touch  7vith  eveiy  phase  of  the  Gas  Industry 

ALL  READ  “  THE  GAS  WORLD  ” 


GAS  WORLD  YEAR  BOOK,  1924 

SYNOPSIS  OF  CONTENTS 

DIRECTORY  OF  GASWORKS  IN  GREAT  BRITAIN  AND 
IRELAND  AND  IN  THE  COLONIES  (this  Directory  gives 
detailed  information  concerning  these  gas  undertakings').  LIST  OF 
FOREIGN  GASAVORKS  OWNED  BY  BRITISH  COMPANIES. 
STATISTICS  OF  CARBURETTED  AND  “BLUE”  AA^ATER 
GAS  PLANTS.  LIST  OF  BY-PRODUCT  COKING  PLANTS  IN 
GREAT  BRITAIN.  INDEX  OF  BRITISH  GAS  OFFICIALS. 
BUYERS’  GUIDE.  DIARY,  POSTAL  INFORMATION,  Etc., 
and  HANDY  TABLES  FOR  GAS  MANAGERS 

The  Annual  Subscription  to  “  THE  GAS  AA'ORLD  ”  covers  a  free  copy  of  the 
■  Year  Book.  Price  to  non-subscribers,  10/6. 

BENN  BROTHERS  LTD. 

8  Bouverie  Street,  LONDON,  E.C.4 


